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precision plus 
ultra convenience 
e 
at a practical price! 
COLEMAN AUTOTRATOR makes automatic titration practical for o« 


every laboratory, large or small. Quick and easy end-point settings, com- 
pletely automatic operation, high volumetric accuracy, low cost—these make 
the Autotrator a time and money-saving tool for the working chemist. 


AC ph METER Instant reading... line operated and 

3 aided by vollage variations. Accurate to 0.05 pH. Dual scale meter 

og calibrated 0-8 and 6-14 for continuous reading of pH or millivolts. One 
switch for scale selection. Settings remain constant and reproducible over 
long periods. Designed for extra-convenient operation. 


9 For complete information on this 
“Laboratory Team”, write Dept. B 
for Bulletins B-221 and B-223. 
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SPEED UP TESTS with ‘Baker Analyzed 
POTASSIUM mem-PERIODATE low in Manganese 


Today, increased civilian as well as military demands keep the Order your supply of ‘Baker Analyzed’ Reagents from yo 
steel industry going at full tilt. With time a vital factor in favorite laboratory supply house. There is a Baker distribut 
making determinations, most steel chemists favor ‘Baker near you who will give you quick, efficient service. 


Analyzed’ Reagents with the actual lot analysis on the label. 5, , copy of Baker’s recent Specification Catalog, wit 


These dependable laboratory chemicals, with defined purity J. T. Baker Chemical Co., Phillipsburg, New Jersey. 
to the decimal, enable chemists to operate at top speed and 

to check their calculations quickly. Featured is ‘Baker . reas 

Analyzed’ Potassium meta-Periodate, low in Manganese. Other ‘Baker Analyzed’ Reagents 


Below are a few other ‘Baker Analyzed’ Reagents with extreme- of interest to Steel Chemists 

ly low indexes of impurities so important to steel chemists. Ammonium Persulfate Perchloric Acid 
It is no surprise that ‘Baker Analyzed’ Reagents are held Hydrochloric Acid Sodium Chlorate 
in such high esteem by the steel chemist. Surveys show that Hydrofluoric Acid Sodium Peroxide 
‘Baker Analyzed’ Reagents are preferred by practically every Molybdic Acid Tin, Granular, 
industry where raw materials are controlled and finished 20 or 30 mesh 
products are searchingly analyzed. 


Baker Chemicals 


REAGENT FINE INDUSTRIAL 
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A. H. T. CO. MODEL H-1 


ANALYTICAL BALANCE 


A dependable, low-priced Balance, of simple and durable construction, 
for use in educational or industrial laboratories 


IMMEDIATE SHIPMENT—PRICE $99.00 


ANALYTICAL BALANCE, A.H.T. Co. Model H-1. 


An improved execution of a time-tested, simpli- 


fied design, without drawer in base, intended for use in industrial or educational laboratories for quanti- 


tative analysis. 


Especial attention has been given to the design of the beam, beam support, stirrups 


and stirrup rests, so that erecting and cleaning can be accomplished quickly and with minimum danger 


of damage to the delicate parts such as agate knife edges, etc. 


The rider carrier is mounted on a slotted 


rod of Duralumin and will pick up and accurately adjust the rider without striking the beam. 


Sensitivity—0.1 milligram with full load. Adjusted so that 
the change of weight of 1 mg on the pan deflects the 
pointer on the scale at least 2'/2 divisions. 


Capacity—200 grams in each pan. 


Case—Of mahogany, with counterpoised front door, circular 
level and leveling screws, but without drawer in base. 
Overall dimensions, 16'/2 inches wide X 16 inches high X 
91/. inches deep. 


Central Pillar—Of Duralumin, oxidized black, 5/s-inch 
diameter. 

Beam—Of hardened aluminum, 6 inches long, with oxidized 
black finish. Graduated in white on both sides of central 
knife edge from 0 to 5 mg in 1/10 mg divisions, using a 5 
mg rider. 

Rider Carrier-—Mounted on a slotted rod of Duralumin; 
1g ne up and accurately adjust rider without striking 
the beam. 


Knife Edges and Planes—Of agate throughout. 


5% discount in lots of 6; 10% discount in lots of 12 or more. 


Release and Arrest—The beam and hangers are released 
by a single action device making the contact of the central 
knife edge simultaneous with the contact of the end 
knife edges and bearings. The construction of the arrest- 
ing device is simple and rugged, engaging and supporting 
the beam and hangers free of any contact with the knife 
edges and bearings, thus preventing any possible damage 
while loading and unloading the pan. 


Pointer Scale—Of ivory, recessed so that the end of the 
pointer moves in the offset in the same vertical plane as 
the division on the scale, thus avoiding errors of parallax. 


Pan Arrest—Self-locking, adjustable push-button type. 
Pans—Of polished Duralumin, 2'/2 inches diameter. 


Arches—Of polished Duralumin, height 
spread 4 inches. 


inches, 


Riders—Each balance is furnished with two 5-mg aluminum 
riders. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
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CHEMICAL ENGINEERING 


MATERIALS ENGINEERING 


METALLURGY PHYSi¢y 


REINHOLD 


PHYSICS © METALLURGY 


CHEMICAL ENGINEERING 
TECHNIQUES 


by B. E. Laver and R. F. Heckman, 
Depariment of Chemical Engineering, 
University of Colorado 
This book provides a long-needed, new 
approach to the consideration of tech- 
niques employed in the chemical and 
process industries. It if an integrated 
series of descriptions and classifications 
of these techniques according to their 
function and presented as means for the 
solution of the fundamental problems 
involved in chemical manufacturing opera- 
tions. Ideally suited as a textbook for 
chemical engineering students. 
$6.00 


1952 450 pages 
PRACTICAL RADIOGRAPHY 
FOR INDUSTRY 


by H. R. Crauser, Managing Editor 
of ‘‘Materials and Methods”’ 
Presents a wealth of information on 
basic theory and applications of radio- 
graphic techniques to testing both metal- 
lic and non-metallic materials. The lan- 
uage of the book is simple and direct. 
here are many illustrations of actual 
radiographs showing defects in metal 
parts, together with equipment and other 
essential data. 


1952 300 pages 


GLYCOLS 


Edited by O. Curnme Jr. and 
FRANKLIN JoHNston, Union Carbide 
and Carbon Corporation 
This detailed treatise prepared by various 
members of the stat of Union Carbide 
and Carbon Corp. presents the first com- 
lete account of the chemistry, manu- 
clans and properties of these industrially 
important substances. The volume is 
extremely well documented and contains 
many ‘alies of data, charts and illustra- 
tions. 


1952 ACS Monograph 


THE PHYSICAL CHEMISTRY 
OF SURFACE FILMS 


W. D. Harkins, Andrew Mac- 
ish, Distinguished Service Profes- 
sor Emeritus, University of Chicago 

This volume covers all the fundamental 
pioneer work of the late W. D. Harkins 
on the mechanism of liquid/liquid films 
and interfaces, surface tension and emul- 
sification. It serves as an_ invaluable 
guide to the many advances in emulsion 
technology—including emulsion poly- 
merization—on which the author was 
working at the time of his death, much 
has not been previously pub- 
ished. 


1952 450 pages 


$7.50 


about $8.00 


$10.00 


MATERIALS ENGINEERING 


PHOSPHORIC ACID, PHOS- 
PHATES AND PHOSPHATIC 
FERTILIZERS 


Second Edition 


by H. WaaGcGaman, Senior 

Mineral Technologist, Bureau of Mines 
Without doubt the most complete treatise 
yet published in its field, this thoroughly 
up-to-date book is destined to become the 
leading source for information on all 
phases of the chemistry, technology and 
uses of phosphorus. Written in a direct, 
readable style, the book will appeal 
strongly not only to technical men engaged 
in the recovery and processing of phos- 
phate rock, but also to plant superintend- 
ents and other executives of the many 
manufacturing industries where phos- 
— plays such an_ ever-increasing 
role. 


1952 ACS Monograph about $12.00 


PERFORMANCE OF 
LUBRICATING OILS 


by H. H. Zumema, Shell Oil Com- 
Laboratory, Wood 


This valuable volume presents important 
data and theoretical discussions of lubri- 
cating oils from the point of view of 
their performance characteristics. It con- 
tains discussions not only of the basic 
lubrication requirements but all such 
important matters as the wearing of 
metals, foaming characteristics of lubri- 
cants, extreme pressure lubricants, vis- 
cosity index properties, etc. A special 
chapter points out the effects of each 
step in the manufacturing process on the 
performance characteristics of the final 
product. 


1952 ACS Monograph 250 pages $5.00 


SOLUBLE SILICATES 


James G. Vain, Philadelphia 
uartz Company 

This important monograph is divided into 
two volumes to provide a rapid reference 
source for the working technician. Vol- 
ume I is devoted to the theoretical aspects 
of the subject, covering in detail past and 
present manufacturing processes, proper- 
ties of homogeneous and heterogeneous 
systems of glasses, the formation of 
metallic silicates and other fundamental 
material. 

Volume II, slightly larger in size, deals 
with the more practical considerations 
involving the applications of soluble sili- 
cates to industry. Publication of this 
monograph will widely welcomed b 
the industries, many of 
use these materials continuously. 


1952 ASC Monograph Vol. I: $8.00 
Vol. Il: to be announced 
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CHEMISTH 


THE CONDENSED 
CHEMICAL DICTIONARY 
4th Edition 

Francis M. Turner, Editorial Ding, 


tor, Revised and Enlarged by Antmy 
and EvizaBETH Rose 


This famous reference book is now large | 


and more complete than ever. It covey 
all recent developments, new subs 
trade names, uses, applications, formulas 
properties, synonyms, derivations, ¢y, 
tainers, shipping instructions, safety 
lations, and will be of utmost value 4 
everyone needing quick, accurate info. 
mation on chemicals and_ related my 
terials. 


1950 760 pages $12.0) 


MATERIALS TECHNOLOGY 
FOR ELECTRON TUBES 


by Water H. Kont, Collins Raiij 
ompany, Cedar Rapids, lowa 

This is the first book in English whid 
aims at a thorough scientific treatmer 
of the main solids which enter into tly 
construction of electron tubes.  Certail 
data and descriptions of processes 4 
published here for the first time. Is 
cludes a critical review of the work dow 
throughout the world by many resea 
workers. 


1951 496 pages $i 


PUNCHED CARDS: 
Their Application to Scienc 
and Industry 


dited by Ropert S. Casey, W. 
Pen Company and Jaws 
W. Perry, Massachusetts Institute 
Technology 
The first comprehensive summary 
mechanical devices (and punched card 
in particular) for scientific informatio 
problems is presented in this lon 
coveted volume. All] those concerned 
handling large masses of technical dat 
will find the techniques described in th 
book of utmost value. 
1951 514 pages $10 


INDUSTRIAL CHEMISTRY 
5th Edition 


by E. RaymMonp Professor 
Industrial Chemistry, University 


Buffalo 
This nationally established textbook ov 


ering 50 major industries is espe] 
oO Wis 


designed for students and for all w 

a handy cross-section presentation of 
chemical and process industries. Rep’ 
with production figures, tables, chai 
and diagrams of equipment. 


1949 1,020 pages $7 
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many tables of data, charts and illustra- 
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for fall 


Semi-Micro Laboratory Exercises in 


General Chemistry 
Revised Edition 


J. Austin Burrows This revised edition contains an entirely new set of practice 
y problems. Many new experiments have been added and a few 
Paul Arthur of the old ones omitted or combined with others. In the latter 
Otto M. Smith part of the book much emphasis is placed on the application of 

. fundamental principles of chemistry to regions of student's inter- 


ests. Includes a section which may be taught as Qualitative 
Analysis. Ready for fall. 


Textbook of Quantitative Inorganic 


Avnalysis 
Third Edition 


|. M. Kolthoft The authors have endeavored to maintain a batance between the 
E B Sendell theoretical and practical phases of inorganic analysis. Sections 
anae on applied analysis have not been neglected in the revision; for 

example, new material is incorporated in the chapter on silicate 

rock analysis. The treatment is unusually complete for a book of 

this size and embodies the best present 1. practice in that im- 


portant branch of analysis. Ready for fall. Dl 


Quantitative Chemical Analysis 
Tenth Edition 


L. F. Hamilton In the tenth edition of this book, formerly known as Talbot's 
S.G. Si QUANTITATIVE CHEMICAL ANALYSIS, the directions for 
. &. simpson many of the analytical determinations have been completely re- 


written; others have been deleted or revised. Theoretical dis- 
cussions have been considerably expanded and many sections 
such as the ones on the literature of analytical chemistry, errors 
and precision, coprecipitation, and special methods of analysis 
have been completely rewritten and enlarged. Ready for fall. 


The Macmillan Company 
60 Fifth Auenue, New Yorke 17 | fh 
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ick this pump 

for full-range 
vacuum 

pulling power 


PRESSURE (MICRO 


Performance pays when you work 


with vacuum . . . the kind of smooth, 
steady pulling power that’s yours with 
a Kinney Model CVM 3153 High 
Vacuum Pump! 


It’s small — only about a foot high 
— and weighs only 70 lbs. complete 
with its % hp. motor. Kinney Model 
CVM 3153 gives you pumping efficiency 
of the highest order. Free air displace- 
ment is 2 cu. ft. per min. (57 liters per 
min.) and as shown on the graph, a 
very high percentage of this pulling 
power is retained right down to the 
less-than-one micron range. The rotat- 
ing plunger mechanism of Kinney Model 


CVM 3153 is simple and long lasting 
. +. easy to take apart for inspection 
or servicing. 


Whether you need a permanent vac- 
uum pump for your laboratory or shop, 
or a portable unit for on-the-job service, 
test, or repair work, it will pay you to 
pick Kinney Model CVM 3153. Send 
coupon for complete details and price. 
Kinney Manufacturing Co., Boston 30, 
Mass. Representatives in New York, 
Chicago, Detroit, Cleveland, Atlanta, 
Philadelphia, Pittsburgh, Johnstown 


(Pa.), Los Angeles, Charleston (W. Va.), 
Houston, New Orleans, San Francisco, 
Seattle and foreign countries. 


Gentlemen: 


Name 


KINNEY MANUFACTURING COMPANY 
3605 Washington St., Boston 30, Mass. 


[[] Please send me Bulletin V51-A describing the new Kinney CVM 3153 Midget 
Vacuum Pump and price information. 


[[]_ Send name of nearest Kinney Distributor. 


Company 


Address 


City 
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INTRODUCTION TO THE STUDY OF PHYSICAL CHEMISTRY 


By Louts P. Hammett, Columbia University. International Chemical Series. 427 pages, 
$6.00 
Considers “physical chemistry” as a method of obtaining and organizing information about the 
phenomena of nature; namely, the method of using quantitative and mathematical techniques in 
the attack on the problems of chemistry. It is designed for college seniors, majoring in chemistry. 
For these students, the book offers examples of all the more important methods employed by the 
physical chemist, and supplies problems to help the student develop his own ability to use these 
methods. Me 


A SOURCE BOOK IN CHEMISTRY (1400-1900) 


By Henry M. Letcester, College of the Physicians and Surgeons of San Francisco, and J 

Hersert S. Kuickstern, University of Pennsylvania. Source Books in the History of the 

Sciences. 554 pages, $7.50 Unifor: 
An exceptional volume, containing selections from 82 classic papers in the history of chemistry, each the flat 
with a brief introduction explaining the significance of the contribution and relating it to the other cisely 
=— A short introduction indicates the earlier ideas which led up to the first selection in- — 
and “‘li 


more si 


TEXTBOOK OF BIOCHEMISTRY be ma 


By Paiure H. Mrrcuett, Professor Emeritus, Brown University. Second Edition. 695 pages values 
$7.00 Indivic 
A modernized and introductory presentation of the essentials of biochemistry, centering upon volume 
metabolism and human nutrition. Emphasis is given to the constitution and activity of enzymes, 
the intermediary reactions of anabolism and catabolism, and the vital significance of hormones B 
and vitamins. The material is up to date and includes recent advances in the field. 


PRINCIPLES OF ORGANIC CHEMISTRY Trap ¢ 


By James Enecuisu, Jr., and Harotp G. Cassmpy, Yale University. International Chemical 
Series. 512 pages, $6.00 Extra } 

A basic text for the standard undergraduate course, this book presents a selected body of factual 3-way 
and theoretical material, and shows how this carefully chosen material, the result of experiment, ventinc 
is used in the development and practice of the science. An integrated modern treatment has been king 
used throughout, incorporating electronic theories so as to unify the discussion of all topics. A Specia 
large number of challenging problems are included. contan 
Constr 


SEMIMICRO QUALITATIVE ANALYSIS. New 3rd Edition = 


turn of 
By Paut Arruur and Orro M. Smrru, Oklahoma Agricultural and Mechanical College. 
International Chemical Series. Ready in September 
A balanced treatment of practice and theory, designed to show the student why the principles studied 
are of use to him, how the principles may be used to meet new situations, and how the theory and 
laboratory are related. The new edition has been brought up to date; new problems have been 
added, and limited revisions have been made for greater teachability. 


For 
gauge: 
ing raz 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nd STREET, NEW YORK 18, N. Y. 
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Check ‘These 


THE 


Look To 
This Series Of 
McLeod Gauges for— 


RX wirinsic Accuracy 


Uniformity of bore of closed capillary and 
the flattening of upper end in order to pre- 
cisely check the zero point. 

Scales are graduated in both the “square” 
and “linear” system, the former permitting 
more sensitive observations. Readings can 
be made in microns and equivalent mm. 
values. 

Individual precise calibration of ratio of 
volumes. 


STURDY, COMPACTLY SHORT, 
SIMPLE CONSTRUCTION 


Trap at top preventing overflow of 
mercury. 

Extra heavy wall mercury reservoir. 
3-way stopcock with tail outlet tilted, pre- 
venting overflow of mercury in tube. 
Specially designed air filter preventing 
contamination of system. 

Constriction of main tube preventing 
strain or breakage of flask by sudden re- 
turn of mercury. 


yo WIDE RANGE 


For maximum sensitivity this series of 
gauges offers adequate selection of work- 
ing range desired. See charts at right. 


| Exclusive Features 


McLEOD GAUGES 


GAUGE No. 1 
Range 


Scale High Vacuum Low Vacuum 


Square 0.005 mic. (5x10°°"") 200 mic. 
Linear 0.005 mm. 0.20 mm. 


Cat. No. G10701—Complete with stand......$65.00 
GAUGE No. 2 


Scale High Vacuum Low Vacuum 


Square 0.05 mic.(5x10°5"") 1000 mic. 
Linear 0.02 mm. 1.0 mm. 
Cat. No. G10702—Complete with stand......$65.00 
GAUGE No. 3 
Range 
Scale High Vacuum Low Vacuum 
Square 0.1 4000 mic. 
Linear 0.1 mm. 4.0 mm. 
Cat. No. G10703—Complete with stand......$65.00 
GAUGE No. 4 
Range 
Scale High Vacuum low Vacuum 
Square 0.01 mm. 15 mm. 
Linear 0.1) mm. 15 mm. 
Cat. No. G10704—Complete with stand......$65.00 
GAUGE No. 5 
Suitable for A.S.T.M. Proposed Test for Reduced 
Pressure Distillation of Petroleum Products 
Range 
Scale High Vacuum Low Vacuum 
Square 0.01 mm. 20 mm. 
Linear 0.1) mm. 20 mm. 


Cat. No. G10704A—Complete with stand......$65.00 


NEW YORK 13, N.Y. 
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for laboratory applications and 


for use in pilot and production plant 


These tapes consist cf one or more fabric bands of resistance wire separated 
and bordered by bands of high temperature resisting glass fibre yarn. The 
width and length of the various tapes are carefully determined by the curren} 
carrying capacity of the resistance wire. The surface loading of standard 
heating tapes has been arranged approximately at 2'/2 watts/inch? (04 
watts/cm’) area of tape. This wattage concentration enables temperature; 
of 400°C. and over to be reached inside a glass tube of 2 mm. wall thickness, 


The application of the tape by simply winding it around the body to be 
heated makes this new product a most convenient piece of equipment. The 
tape can be wound with edges adjoining or with any suitable pitch. 


All tapes are fitted with lead-in-wires terminating in a connector for easy 
connection to the mains. A suitable contro! devise such as a variable auto. 
transformer or rheostat should be employed. The tape can be held in posi. 
tion by means of glass laces provided at both ends. 


Special tapes can be made to specification up to 18 watts /inch®. A number 
of individual tapes should be employed in preference to one of excessive 
length. 


Three principal designs are available 


1 Uninsulated 2 Insulated on One Side 


In this construction the current carrying resistance This tape is just as simply applied, wih & Findl. 
wires are in direct contact with the surface to be direct contact between the resistance 
heated. (It is important for care to be taken to wire and the surface to be heated as in 
prevent overlapping and accidental contact.) construction (1), but heat losses to atmos- 
As it is possible to look through this tape, it phere are greatly reduced by the addi- 
will be of the greatest value for research work tion a a layer of knitted glass yarn on 
when wound on a transparent surface, but heat one side. The tape can be wound onto 


¢ 4 itself but care must be taken as in con- 
losses will be more pronounced than with con- struction (1) to wind it directly onto in 
struction (2). 


sulating surfaces only. 


3 Insulated on Both Sides 


This tape is constructed of two insulation 
layers of knitted glass yarn with the cur 
‘rent carrying bands in the centre. The 
tape can be safely wound on to metal 
thus making it especially suitable for 
heating steel tubes, valves, nozzles and 
other conducting surfaces. Heat losses 
to atmosphere are minimized. 


: 


3 


6433-8 Variable Transformer, Powerstat. For controlling temperature of heating tapes. Transformer 
has an input rating of 115V, 50/60 cycles. Maximum output rating, 7.5 amps. Each $23.00 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street New York 12, N. Y. 
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TAPES 
— 
a ati Durra 
| 
: | 
f, | 
Partir 
Cat, No Design em. | Width mm. Wattsat230V | Amps. | Each 
HT.103 150 16 450 2-3 
Moles HT.104 | 180 | 89 500 2-6 
he HT.201 | Insulated one side | 90 25 100 0-8 | 
HT.208 125 64 250 1-5 | 
HT.203 | 150 16 450 2-3 
oe HT.204 " 180 | 89 500 2-6 
HT.301 | Insulated both sides 90 85 160 
HT.302 | 125 64 250 1-5 
HT.303 150 16 450 2-3 
HT.304 180 89 500 £-6 iif 
4/888 
10 


4 ongmans Books 


rated 
The 
irrent 
‘a GENERAL AND INORGANIC CHEMISTRY 
tures By P. J. Durrant, Cambridge University. Second Edition. Revised and reset; 
we new chapters on Colloid and Nuclear Chemistry; several chapters rewritten. 
e. 688 pp. Ready, Sept. 1952. About $4.25. 
easy 
Wtyrner & ORGANIC CHEMISTRY 
Harris By E. E. Turner and M. M. Harris, both of the University of London. De- 
mber scriptive; balanced treatment, taking into account the industrial legacy from 
sates coal and oil chemistry; emphasis on chemical rather than physical structure. 
944 pp. Illus. Ready, Sept. 1952. About $12.50. 
a INTRODUCTION OF PHYSICAL CHEMISTRY 
a By Alexander Findlay. Third Edition, completely revised and partly re- 
ni written by H. W. Melville, University of Aberdeen. 596 pp. Ready, Sept. 
ddi- 1952. About $4.25. 
con- 
ADVANCED TREATISE ON PHYSICAL CHEMISTRY 
By J. R. Partington, University of London. In six volumes. 
wand Vol. I, General Properties of Matter and of Gases. 1949. 943 pp. $16.00. 
P ' Vol. II, General Properties of Liquids; 1951; 448 pp.; $10.00. 
etal | Vol. III, General Properties of Solids; about 500 pp.; ready, Oct. 1952; about 
$10.00. 
nite Vol. IV, Optics and Dielectrics; about 800 pp.; ready, Spring, 1953. 
DICTIONARY OF APPLIED CHEMISTRY 
Sir Ian Heilbron, Chairman of Editorial Board; several American contributors. 
Fourth Edition. In twelve volumes. 
Vols. I-X, published; each, $20.00. 
: Vol. XI, Soil—Zymurgy; 926 pp.; Ready, Nov. 1952; $20.00. 
‘ Vol. XII, Index, in preparation. 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 
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A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
measurement of non-aqueous substances, the sensitivity 
and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


SARGENT 


OSCILLOMETER 


CHEMICAL 


wise, the range of dielectric measurement from air to 
water corresponds with a scale range in the oscillometer 
of roughly twenty-four thousand units, reproduceable 
within approximately one such scale unit, insofar a 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations normally 
considered conductimetric or potentiometric, the sensi- 
tivity of end point indication is best in the lower range 
of common conductivities but is excellent in reactions of 
strong acids and bases as well, provided the reaction 
medium can be held to a maximum concentration in the 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is er 
tremely sharp and indicates direct procedures in many 
instances. 

Total working scale range is thirty-two thousand scale 
units, applied by a multiple-turn dial and additive range 
switches. Internal range checking standards are incorpo 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration cell 
accommodates a glass stirrer operating continuously with 
out prejudice to the accuracy of measurements. 


$-29180 SARGENT CHEMICAL OSCILLOMETER, 
with two interchangeable cell holders and cells. ‘Sasa 


for prompt O50. 


100th 

E. H. SARGENT & CO. 

1852-1952 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + CHEMIC 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINC 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIG 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEX 
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STANDARD 
or 
PURITY 


REAGENTS 


Part of America’s 


| 
| 


Laboratories Since 1882 | 


Ever abreast of the exacting requirements of 
America’s laboratories, Baker & Adamson 


m ait 1 Quality Reagents have been a recognized part of 
illometer 
duceiile the scene for 70 years. For precise production 
sofar as control . . . or for careful laboratory research— 
“iin chemists and technicians have come to rely 
he anak on the B&A Shield as symbolic of “decimal 
porb point” purity in reagents. 
ctions 0 
reaction That’s because B&A Reagents are always uniformly pure. 
on in the They are always made to meet or exceed established 
— A.C.S. specifications—the strict impartial purity 
in many requirements set up by the chemical profession itself 
etal for careful analytical work. 
ive = For quality and purity, you can always depend on B&A! 
1nco! 
10%. GENERAL CHEMICAL DIVISION 
ples from ALLIED CHEMICAL & DYE CORPORATION 
ation cell 40 Rector Street, New York 6, N. Y. 


ith- Offices: Albany* Atlanta + Baltimore - Birmingham* Boston* Bridgeport* Buffalo* 
isly w Charlotte* + Chicago* + Cleveland* + Denver* + Detroit* + Houston* - Jacksonville - Kalamazoo 

Los Angeles* Mi lis New York® «+ Philadelphia Pittsburgh* Portland (Ore.) 
Providence* + St. Louis* + San Francisco* + Seattle - Yakima (Wash.) 


METER, In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
‘table tn Canada: The Nichols Chemical Company, Limited . Montreal* - Toronto* - Vancouver* 
A vailab . “Complete stocks are carried here. 
$650. 
uci BAKER & ADAMSON 
MICHIG 
9, TEX SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 
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At the A.C.S. Meeting in Atlantic City 


youll see for yourself why these new 
ORGANIC TEXTS are so popular— 


Both books are a unique blending of theoretical 
and practical organic chemistry with a functional 
approach that has both teacher and student 


appeal. 


Nollers CHEMISTRY OF 
ORGANIC COMPOUNDS 


for the intensive basic course 


e This is the “long” book—truly comprehensive, it 
includes much p/us material on compounds and more 
information on mechanisms, and on special current 
interest topics. 


¢ For courses, which require a thorough, detailed 
treatment of the subject. 


By Carl R. Noller, Professor of Chemistry, Stanford University 
885 pages, 6 x 914 inches. Illustrated. $7.50 


Noller’s TEXTBOOK OF ORGANIC CHEMISTRY 


for the standard basic course 


e A careful abridgment intended for the standard first-year course, with the same excellent 
balance between theoretical and practical chemistry maintained. 


e There is no break in logic or in teaching continuity. 


By Carl R. Noller, Prof of Chemistry, Stanford University. 643 pages, 6 x 914 inches. Illustrated. $5.75 


See also at the Book Exhibit 

Fulton’s TEXTBOOK OF PHYSIOLOGY 

AMERICAN ILLUSTRATED MEDICAL DICTIONARY 
Clark, Nash & Fischer's QUANTITATIVE ANALYSIS 

Heisig's SEMIMICRO QUALITATIVE ANALYSIS 
Abernethy’s PRINCIPLES OF ORGANIC CHEMISTRY 
Cantarow & Trumper’s CLINICAL BIOCHEMISTRY 

Harrow’s TEXTBOOK OF BIOCHEMISTRY 

Harrow’s LABORATORY MANUAL OF BIOCHEMISTRY 
Todd & Sanford’s CLINICAL LABORATORY DIAGNOSIS 


W. B. SAUNDERS COMPANY 


West Washington Sauare Philadelphia 5 
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This BATTERY POWER REGULATOR allows the Beckman 
DU Spectrophotometer to operate 
indefinitely without Battery Drain! 


In operation a built-in charging unit supplies ex- 
actly the same amount of current to the storage 
battery as the instrument draws from the storage 
battery, thus making the current output so con- 
stant that drift of the instrument due to the battery 
is eliminated. It is furnished with a cable assembly 


Designed for use with the Beckman DU Spectrophotometer, 
this battery power regulator is mounted in an attractive 
gray hammertone metal case with meter and controls on 
the front panel. The case will accommodate a standard 
storage battery and the six C batteries included in the 
DU. In addition, the Regulator includes one C battery to 
permit the needle of the DU to always be driven full scale. 


for readily connecting the regulator unit to the 
terminal strip underneath the DU and to the new 
liquid cooled lamp housing or to the old style lamp 
house, dry cell C battery 71% volts, kit of insulators 
and spacer block and set of instructions and circuit 
diagram. 


H-59502— Beckman Battery Power Regulator, Each . . . . $240.00 


Photomultiplier Attachment 
Greatly Increases the 
Sensitivity and Resolution 
of the DU Spectrophotometer 


The Photomultiplier Attachment is an accessory 
for use with the DU to permit increased sensitivity 
over the range 220 to 650 millimicrons. It consists 
of an auxiliary battery box for all DU dry cell bat- 
teries and a special housing for a IP28 photomulti- 
plier tube. The attachment is very simple to in- 
stall, and it includes necessary parts and directions 
for doing so. In operation the photomultiplier tube 
and the 22 megohm resistor are used for all meas- 
urements below 600 mu, the red sensitive photo- 
tube with the 10,000 megohm or 2000 megohm 


resistor is used for analysis above 600 mu. These 
combinations are selected with two panel controls. 
In operation the Photomultiplier Attachment in- 
creases the sensitivity of the Model DU Spectro- 
photometer at least one-hundred times and enables 
maximum resolving power to be realized. Slit widths 
down to .01 mm can be employed to minimize 
interferences and increase accuracy of all measure- 
ments. This increased sensitivity and high resolving 
power is particularly desirable for flame photometry, 
fluorescence and turbidimetric measurements. 


H-59514— Beckman Photomultiplier Attachment, Each . . . . $375.00 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. © 
CLEVELAND 6, OHIO 


| 
| 
Cl Texas 
gland 6, Ohi House oply Row 
| Cinei East 974 54° 6622 22, Calit- 
22 4-296") 2, Ohio Go ‘field 
a 
15 
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MAL LINC 


7581 

1 LB. 
Matin 
INCKRODT CHEMICAL Works 


NTREAL PHILADELPHIA 


The Mallinckrodt AR® label provides unmustakabie legibility and gives com- 
plete information: On side panels are the Maximum Limits of Impurities, molec- 
ular weight, chemical formula, caution statement, and the Mallinckrodt control 
symbol. But the most important element on the label is the name Mallinckrodt, 
for 85 years a symbol of fine chemicals. 


Maximum limits of impurities mean published, pre-determined standards— 
the analytical chemist’s guarantee of reagent quality. They are standards which 
cannot be changed to accommodate variations in quality of production. They 
insure that Mallinckrodt AR’s contain negligible quantities of impurities—unvary- 
ing from package to package and lot to lot. 


Mallinckrodt distributors, more than sixty-five of them, in every part of the 
country can make prompt delivery of your order from complete stocks. And 
standing behind them are extensive Mallinckrodt facilities for service and pro- 


, duction, keeping them constantly stocked to supply your needs. 


\ 
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MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt St., St. Louis 7, Me. +* 72 Gold St., New York 8, N.Y. 


Chicago * Cincinnati + Cieveland + LosAngeles * Montreal * Philadelphia * San Francisco 


*TRADEMARK 
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C & B Reagent Chemicals are manufactured to meet 
definite standards of purity . .. standards which have 
been set up to insure products suitable for research 
and analytical use. These standards are based upon 
the publications of the Committee on Analytical 
Reagents of the American Chemical Society and 
our own experience of over thirty years in the manu- 


facture of fine chemicals. 


C & B Products are Distributed by Laboratory and Physician 
Supply Houses throughout the World. 


Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


REAGENT C EMICALS - BIOLOGICAL STAINS 
INDICATORS — SOLUTIONS — TEST PAPERS 
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This heating band is 3” wide, 12 ft. long— 
wired in two circuits of 680 watts each. 


e Standard 


e Heavy Insulated 


e Band Type 


hin different types of Flexible Heating Tape are 
now available — in various sizes. All are safe, eco- 
nomical ... and very handy! You simply wrap the tape 
or band around the object to be heated; then connect it 
to the current. (A voltage regulator may be used to 
maintain constant temperatures.) 


STANDARD: We recommend this tape for small glass 
vessels. It consists of resistance wire covered with a 
double insulating sheath of white braided fiberglas yarn. 
Outstanding feature: High wattages without excessive- 
ly heating the wire. 


HEAVY INSULATED: (For glass vessels or metal pipe) 


Flexible Heating Tape of *‘Standard”’ design shown 
wound around a glass Melting Point Apparatus. 


If the tape is to be subjected to real hard usage, then 
you'll want the Heavy Insulated type. It’s similar to the 
Standard but has an ertra double insulating sheath of 
fiberglas yarn which is an added protection against short- 
circuiting and exposed wires . . . makes it sturdier, longer- 
lasting. 


BAND TYPE: (For transfer lines) The electrical heat- 
ing elements in this style are sheathed in quartz to pro 
vide a safe source of heat. Heavy insulation on the outer 
side insures maximum utilization of electrical energy. 


For complete information, including prices, write fo 
Circular 552. 


* Manufactured in U.S.A. 


SCIENTIFIC GLAS 


APPARATUS CO..INc. 


BLOOMFIELD - NEW JERSEY 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS GLASSWARE 
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J. H. van’t Hoff 
(See page 376) 
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CAPACITY 
111 g. (With extra weight 201°g.) 
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I nave an idea that the crest of the wave of popularity 
of the so-called “‘general education” passed us a few 
years ago, but we are still decidedly above mean water 
level. The educational literature that comes to this 


desk constantly reminds me of it. One runs the risk 
of assuming that this is an “either or’ proposition, that 
we must have either general education or professional 
education. The error of this has of course been pointed 
out, but the implication is still there. 

I have been ruminating on someone’s remark that: 
“General education should be interested in teaching 
not the facts but fundamentals. There are too many 
facts to be learned.”” Actually, this idea has been so 
insinuated into our consciousness that a self-respecting 
teacher would as soon confess himself a communist 
as to admit that his course consciously emphasizes 
facts. 

But after all, what are principies but generalizations 
about facts? Of course, we can sublimate our thinking 
to the point where it largely loses connection with 
reality—if that is the desirable thing. Such a pattern 
of general education would lead us to a mental discipline 
which deals purely with ideas—mathematics. 

I dare say none of the educational experts has thought 
of this; but wouldn’t a general educational curriculum 
based upon pure mathematics admirably fulfill the 
above specification? Take the simple statement: 

= 2z 

Now there’s a pure principle, and certainly a fun- 
damental, devoid of any necessary connection with 


sordid facts. Reams of philosophical discussion have 
been devoted to “the oneness of the one and the duality 


of the two” But philosophical discussion usually 
demands a language more or less related to everyday 
facts, while mathematics leaves the principle in un- 
contaminated symbols. 

When we feel the need for more complex thinking 
we turn to a dynamic principle rather than a static one: 


(xt) 


Motion, progression, variation, slope, gradient—all 
sorts of general ideas. The mind burns with a pure 
fire, without descending to the facts of life or the earn- 
ing of a living. 

If we like, we can sail on to heights to which a mere 
chemist finds it hard to follow, to those realms where 


a+b+b+a, 


the sum depends upon the order in which the parts 
are put together. And that’s certainly a long way 
from our ordinary notion of facts. 

In founding our curriculum upon mathematics we 
should perhaps not let ourselves be reminded of Eric 
Temple Bell’s definition of mathematics: a game, 
played according to certain rules, with meaningless 
marks on paper. But whatever it is, mathematics is 
certainly a system of pure principles; too bad that 
students in search of a “general education” almost 
invariably avoid it! 

And there we are. We proponents of professional 
education have always insisted upon mathematics as 
the foundation of our curricula. We have been refuting 
the arguments of our opponents before they have made 
them. What have we to apologize for? 
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As rue quotation mentioned above rightly states an 

outstanding scientist like van’t Hoff who, at the height 

of his career 50 years ago, was acclaimed the greatest 

physical chemist, is hardly remembered by the present 

generation of chemists. In a much-used textbook, 

now in its sixth edition, the name of van’t Hoff is no 
longer mentioned in the index of authors. Chemistry, 

as Liebig once said, should be not only a science and a 
profession but also an art. And it is only as an artist 
that the personality of a scientist can survive (1). 

A chemist, to be well remembered, must of necessity 
also be a man of letters, like Lavoisier, whose ‘““Traité 
élémentaire de Chimie’’ published in 1789 is—to quote 
Donnan (2)—‘‘one of the immortal landmarks in the 
history of civilization.”” Van’t Hoff wrote compara- 
tively little; his published lectures cannot be classified 
as works of art and his contributions to chemistry 
are so thoroughly incorporated in the main body of 
this science that the originator is all but forgotten by the 
majority of chemists of our time. His life and work 
have been described in a voluminous, well-documented 
German publication by his friend and pupil Ernst 
Cohen (3). Some parts of this biography, among others 
van’t Hoff’s diary of his trip to America in 1901, have 
been translated into English (4), but so far no full 
scale biography in English has appeared. 

Born on August 30, 1852, the son of a well-to-do 
citizen of Rotterdam, he originally intended to pursue 
a career in business, but on the advice of one of his 
teachers who recognized his interest in natural sciences, 
he enrolled as a junior in the Hoogere Burger School 
(the Dutch equivalent of a high school) of his birth- 
place and graduated after two years with high marks 
in mathematics, mechanics, and physical sciences. 
He then attended the nearby Polytechnic Institute at 
Delft where he studied chemical engineering from 1869 
to 1871. His graduation diploma of ‘technoloog”’ 
(the Dutch designation of a chemical engineer) enabled 
him to enter the University of Leiden in the fall of 
1871, where he passed the candidate examination 
(approximately equivalent to a B.S. degree in the U. 8.) 
after one year of further study. His ‘“‘Wanderjahre”’ 
were spent outside his native land. He studied in 1872 
at Bonn under the renowned Kekulé, the next year in 
Paris under Wurtz, and finally on his return to Holland 
under E. Mulder in Utrecht. The experimental re- 


1 Presented at the 121st Meeting of the American Chemical 
Society, Buffalo, March, 1952. 


VAN’T HOFF (1852-1911) IN RETROSPECT’ 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


A famous name has this peculiarity that it becomes gradually smaller especially 
in natural sciences where each succeeding discovery invariably overshadows whai 


—van't Hoff 


search which van’t Hoff undertook at Mulder’s sugges- 
tion dealt with the preparation of cyanacetic acid and 
malonic acid and is of little significance. Of more than 
passing interest are two of the 32 statements (‘stel- 
lingen” in Dutch) which he was prepared to defend 
publicly against any criticism from the faculty. One 
of these (No. 7) reads: ‘‘There should be a committee 
appointed to act upon matters of a chemical nature.” 
No. 32 states: “In contemporary society there are 
numerous protected interests which interfere with 
the natural struggle for life and the victory of those 
best fitted and hence are harmful to humanity.’’ These 
statements, particularly the former, had_ reference 
to the appearance, a few months previous to his Ph.D. 
award, of a ten-page pamphlet entitled: ‘‘A suggestion 
looking to the extension into space of the structural 
formulas at present used in chemistry and a note upon 
the relation between optical activity and chemical 
constitution of organic compounds.” This “coup 
d’essay”” and masterpiece of a 22-year-old chemist 
was apparently completely ignored by his Duteh 
colleagues in the three months preceding his promotion 
on December 22, 1874. The next year (May, 1873) 
the article was enlarged and reprinted (again at the 
author’s own expense) in French under the title “La 
chimie dans l’espace.” It was sent to Berthelot, 
Butlerov, Frankland, Henry, Hofmann, Kekulé, Wis 
licenus, and Wurtz, and possibly to others, and thu 
became known outside Holland. The views expressed 
by van’t Hoff regarding carbon atoms surrounded by 
four other atoms or groups of atoms located in the 
corners of a regular tetrahedron, were looked upon. 
at that time as a wild flight of imagination. It # 
amusing to recall what Kolbe, editor of the ‘Journal 
fiir practische Chemie,”’ wrote in the May 1877 issue 
of this publication (4): 


A certain Dr. J. H. van’t Hoff, who holds a post at tl 
veterinary schoo] at Utrecht, has no taste apparently for 8 
curate chemical investigations. He has thought it more co 
venient to mount Pegasus (evidently hired at the veterinal 
school) and proclaim in his ‘‘La Chimie dans |’Espace’’ how 
during his bold flight to the top of the chemical Parnassus, tl¥ 
atoms appeared to him to be arranged in cosmic space. 


In the same year Ladenburg (6) with the air of 
schoolmaster, rebuked van’t Hoff in these words: 


Van’t Hoff introduces into the formulas something that 
and most chemists purposely keep out of them, viz., spatial rep! 
sentation. What I mean by a formula and what I want to 
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understood as such, has been expressed at different places, 
particularly in the article quoted by van’t Hoff: A formula must 
give account of the composition, the molecular weight and the 
way the atoms are linked together. 


Human minds even those of scientists, are conserva- 
tive and new ideas need, as a rule, considerable time to 
soak in. Van’t Hoff was fortunate in having his ideas 
readily accepted by the great German master of chem- 
istry Wislicenus, 17 years his senior. The latter per- 
suaded his pupil Dr. F. Herrmann of the Agricultural 
Institute at Heidelberg to translate van’t Hoff’s pam- 
phlet into German with the title “Die Lagerung der 
Atome in Raume’”’ and thus became repsonsible for the 
rapid and universal acceptance of van’t Hoff’s stereo- 
chemical concepts. 

Van’t Hoff pointed out that any carbon atom, sur- 
rounded by four different atoms or atomic groups 
(radicals), must give two kinds of molecules, both 
exactly alike but not superposable, one being the mirror 
image of the other, comparable to a right and a left- 
hand glove. If one of the asymmetric tetrahedra 
represents a molecule which rotates the plane of the 
polarized light to the right, the other will rotate the 
plane of the polarized light to the left. This theory 
enabled van’t Hoff to predict the number of isomers in 
the case of compounds containing one or more asym- 
metric carbon atoms. In the past 80 years the idea 
of molecular asymmetry has been extended in numerous 
directions and has been applied to elements other than 
carbon. It has stimulated the work of Werner and 
many other investigators in sterochemistry and the 
essential truth of the tetrahedral arrangement of atoms 
around a central carbon atom has been fully established 
by the effect of electron rays and X-rays on organic 
compounds. Thanks to the work of Debye and others 
it has even become possible to compute the distances 
between carbon atoms and other atoms placed in the 
corners of the tetrahedron, such as, for instance, 
in methane and carbon tetrachloride. 

Van’t Hoff’s growing fame paved the way for his 
appointment, at the age of 25, as lecturer, and a year 
later (in 1878) as full professor of chemistry, mineralogy, 
and geology at the newly established municipal univer- 
sity of Amsterdam. Here in the capital of Holland, 
van’t Hoff carried out in a period of 17 years the re- 
markable work which places him in the front rank of 
physical chemists. Every freshman studying chem- 
istry is familiar with that fundamental law of chemical 
kinetics known as the law of mass action, first enunci- 
ated by two Norwegian scientists Guldberg and Waage. 
It was redisedvered, independently, by van’t Hoff 
in 1877, but it was not until his “Etudes de dynamique 
chimique” appeared in 1884 that the systematic study 
began of the rate of chemical change, first in homo- 
geneous systems (gaseous and liquid) and later also 
in heterogeneous systems. Van’t Hoff not only studied 
the effect of the “active masses” of the reacting sub- 
stance, expressed in gram-molecules per liter, on the 
speed of a chemical reaction, but also discussed fully 
the influence of temperature on the velocity of the 
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reaction and its effect on the change of the so-called 
equilibrium constant. The conclusion that van’t Hoff 
arrived at is embodied in his principle of mobile equi- 
librium: Every equilibrium involving two different 
conditions of matter is displaced by a drop in tempera- 
ture (at constant volume) towards that system which 
evolves heat when it is formed. 

Having founded the science of stereochemistry 
and having opened up the field of chemical dynamics 
and chemical equilibrium, van’t Hoff next pointed out 
the close relationship between solutions and gases 
and put the study of dilute solutions upon a sound 
basis. 

It was Amadeo Avogadro who proclaimed in 1811 
that equal volumes of gases under the same conditions 
of temperature and pressure contain the same number 
of molecules. This bold hypothesis, like so many 
new ideas, made little headway at first, and it was 
not universally accepted until 1860 when another 
noted Italian, Cannizzaro, showed that Avogadro's 
hypothesis provided the only feasible way for deter- 
mining molecular weights of gaseous substances. The 
osmotic experiments of van’t Hoff’s colleague de 
Vries, and those of the Austrian biologist Pfeffer, 
led to the publication in the first issue of the newly 
founded ‘‘Zeits chrift fiir physikalische Chemie” of 


The Monument to van't Hoff in Rotterdam 
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van’t Hoff’s celebrated memoir in which he pointed out 


the pressure of gases. The osmotic pressure is usually 
defined as the pressure which must be exerted on the 
solution to prevent the influx of the solvent through 
a so-called semipermeable membrane (pervious to the 
solvent but not to the dissolved substance) into the 
solution. Van’t Hoff arrived at the conclusion that 
equal volumes of solutions of different substances 
measured at the same temperature and having the same 
osmotic pressure contain equal numbers of molecules 
of dissolved substances and that is the number which 
is contained in an equal volume of gas at the same pres- 
sure and temperature. This extension of Avogadro’s 
hypothesis has proved of enormous value, as it enables 
us to determine molecular weight of substances that 
cannot be obtained in the gaseous state, such as, for 
instance, sugar. Since osmotic pressures were, until 
recently difficult to measure, other properties, such as 
depression of the freezing point and elevation of the 
boiling point, which, as van’t Hoff showed, are related 
to osmotic pressure, have been used for the same pur- 
pose. Certain anomalies noted by van’t Hoff when 
dealing with electrolytes were subsequently  satis- 
factorily explained by Arrhenius in his brilliant dis- 
sociation theory which, thanks to the powerful support 
of van’t Hoff and Ostwald, was speedily accepted by a 
large majority of chemists. 

From the study of liquid solutions van’t Hoff went 
over to a consideration of “solid” solutions (in 1890) 
which have become extremely important in the past 
60 years, particularly in the field of alloys. 

In his later years in Berlin (from 1896 to 1911) 
van’t Hoff’s work was more of a utilitarian character. 
Wanting to do something for his adopted country, 
he undertook a study of the oceanic salt deposits 
of Stasfurt which occupied him and his students until 
nearly the end of his life. This work, although not 
without interest, adds little to his reputation and is 
decidedly on a lower plane than his previous work. 
It is essentially an application of the phase rule which 
represents a field with which van’t Hoff’s contemporary 
and successor in Amsterdan, Bakhuis Roozeboom, is 
for all time identified. , 

This brief review of van’t Hoff’s life and work may 
be suitably concluded by quoting some personal ob- 
servations of van’t Hoff’s contemporary and former 
assistant Holleman under whom the writer, while 
a student at Groningen, took his first course in chem- 
istry. 

On the occasion of the unveiling of van’t Hoff’s 
monument in Rotterdam Holleman (7) pointed out 
that van’t Hoff had made three great discoveries. 
He had not, however, as is so often the case, ‘“reserved’’ 
for himself any of the fields in which he was a pioneer. 
Anybody interested was welcome to explore the re- 
gions he had opened up. There was never any question 
as to the priority of his stereochemical speculations, 
in spite of the fact that Kekulé, shortly after his ap- 


the analogy between osmotic pressure of solutions and. 
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pointment at Ghent in 1858, had already represented 
the carbon atom at the center of a tetrahedron, and 
that Kekulé’s assistant K6rner in 1869 had constructed 
a space model of benzene with these tetrahedra. The 
many consequences of van’t Hoff’s ideas had completely 
escaped the attention of Kekulé and his co-worke 
and it was left to Wislicenus to grasp the full signif. 
cance of van’t Hoff’s work. 

When the “Etudes de dynamique chimique” (cheni- 
cal dynamics) appeared in 1884, Holleman, at that 
time a student in Leiden, discovered to his surprise that 
it required only as many days as he had figured weeks 
to absorb the contents of the book. Instead of the 
expected ponderous involved mathematical deductions, 
he found a clear, logical development of chemical 
dynamics, expressed in a language which was not the 
author’s native tongue. No doubt, van’t Hoff’s 
reputation rests more on his theories than on his ex- 
periments, but the assertion of a contemporary that 
he is the only chemist who became famous without 
having performed any significant experiments is far 
fetched. For him the experiment was never the main 
objective, but only a means to achieve the looked-for 
result in the simplest possible way, as can be seen from 
the ingenious experiments which he describes in his 
“ftudes.”” This work was carried out in a modest 
laboratory at the Groeneburgwal (his new laboratory 
was not finished until 1891 and he left Amsterdam in 
1895) with comparatively few advanced students. 
This was, in his case, rather an advantage, because 
he was by nature extremely duty-bound and dis- 
inclined to transfer his official obligations to his subor- 
dinates. The general management of a big laboratory 
is very onerous, and this was obviously one of the 
main reasons why van’t Hoff left Amsterdam so soon 
after the completion of his laboratory in the Roeters- 
straat. 

Simple of habits, averse to professorial decorum, 
he treated his pupils as friends to whom he was at all 
times readily accessible. His oft-quoted “Etudes” 
were not dedicated to a famous scientist but to the 
memory of a departed beloved pupil. Particularly 
noticeable was his cautiousness in responses to queries 
addressed to him: there was never an effervescent 
stream of ideas that overwhelmed a caller. A definite 
answer would, however, be forthcoming within a day 
or two. Without a trace of affectation or presumption 
he let many of the experiments carried out at his diree- 
tion appear in print under the name of his students 
although he must have been well aware of the signif- 
cance of his own contributions. Anyone meeting him 
as he went at a lively gait to the laboratory (he used 
to say that his best thoughts occurred to him on the 
way to work) would hardly suspect that this unassum- 
ing simply dressed citizen was one of the shining lights 
of the University of Holland’s capital city. 

His outstanding characteristics, a vivid imagination 
and deep reflection, are aptly expressed in the two sym- 
bolic figures which flank his life-size statue in front 
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of the municipal secondary school in Rotterdam where 
he was a pupil from 1867 to 1869. The granite base 
of the monument carries besides his name the appro- 
priate inscription: ““Physicam Chemiae Adjunxit.” 
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My rirsr contact with van’t Hoff was in April, 1887, 
when I got a letter of introduction to him through my 
future father-in-law, Professor Kan, and went to see 
him at bis laboratory, Groeneburgwal 44, to give him 
a copy of my dissertation. J was ushered into his 
office and before me stood a young man of medium 
height, slender posture, plainly dressed, clean shaven 
with light-brown wavy hair and friendly grayish-blue 
eyes. This was van’t Hoff, at that time 35 years old. 
He received me very courteously and we discussed my 
doctoral thesis, and mainly the “stellingen” (state- 
ments) at the end of the book. 

Shortly afterwards I left for Munich to spend a 
semester in Baeyer’s laboratory. While there, I 
sent a request to van’t Hoff to be admitted as Privaat- 
docent (nonsalaried lecturer) in organic chemistry. 
His characteristic reply was that he would, in due 
course, gladly welcome somebody to teach organic 


' Arnold Frederik Holleman (b. 1859) attended the secondary 
school at Hertogenbosch from 1872 to 1877. After two years 
of supplementary study of Latin and Greek he matriculated at 
the university of Leiden where he studied inorganic chemistry 
under van Bemmelen and organic chemistry under Franchimont. 
In 1883 and 1884 he spent three semesters at Heidelberg where 
he followed Bunsen’s and Kopp’s lectures and took organic 
chemistry under Bernthsen, returning to Leiden in 1884. Having 
earned his Ph.D. in March, 1887, on a thesis suggested by 
Franchimont, he spent the summer semester of that year with 
von Baeyer in Munich. From the fall of 1887 till March, 1889, 
he was assistant for organic chemistry in Amsterdam working 
in van’t Hoff’s private laboratory where he met Eykman and 
also Arrhenius. Appointed director of the Agricultural Experi- 
ment Station at Groningen in 1889 he resigned this position four 
years later to become professor of chemistry at the university of 
Groningen. In 1905 he succeeded his friend Lobry de Bruyn 


at Amsterdam as professor of organic chemistry and retired at 
the age of 65 in 1924. 
[Translator’s note] 


He now lives at Bloemendaal, Holland. 


MY REMINISCENCES OF VAN’‘T HOFF 


A. F. HOLLEMAN' 
Bloemendaal, Holland 
(Translated by H. S. van Klooster) 


chemistry but that he did not consider it wise to do so 
right away for the obvious reason that if he did he 
would no longer be forced to keep up with the literature 
in organic chemistry! Molengraaff, then also in Munich 
wrote to him at the same time asking for admission as 
Privaatdocent in mineralogy. This request was readily 
granted because it enabled van’t Hoff to relinquish a 
subject that had been entrusted to him against his 
wishes. 

In September, 1887, there was an opening as assistent 
at a yearly salary of fl. 1000. This sum was divided 
into two equal parts, one half-time assistantship being 
awarded to van Deventer and the other half to me. 
Van Deventer was placed in charge of the laboratory 
for premedical students and was made private assist- 
ant to van’t Hoff. I was given charge of the experi- 
mental work in organic chemistry for advanced students 
(candidates) and for beginners in natural science. I 
was also asked to prepare an ammonium salt having 
four different radicals. Van’t Hoff had in mind a 
possible separation of this compound into optically 
active isomers. Van Deventer was charged with the 
preparation of a semipermeable cell according to 
Pfeffer’s directions. I did accomplish the suggested 
synthesis but the hoped-for separation did not material- 
ize. Van Deventer, likewise, was unable to prepare 
a properly functioning semipermeable membrane. 

Of the chemistry students under my supervision I 
remember Antusch and Wijs. The former left the 
laboratory after his final (doctoral) examination to 
enter a government agricultural station. He finished 
his doctoral thesis at Groningen under my direction 
and later taught chemistry at the high-school level, 
finally becoming director of a secondary school at 
Alkmaar. Wijs finished his studies under van’t Hoff 
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in 1893 with an excellent thesis on the electrolytic 
dissociation of water. For many years he was chemist 
of the noted oils and fats concern of Calvé at Delft. 
On his retirement he took up the study of law and 
was admitted to the bar. Both Antusch and Wijs 
passed away years ago. 

Van’t Hoff’s laboratory at the Groenburgwal was a 
two-story building. The ground floor contained a 
large room for student experiments and upstairs there 
was a good-sized private laboratory with a small room 
in the rear which was used as a study and office. In 
the months of 1887 and 1888, during which I worked in 
van’t Hoff’s laboratory, I was assigned working space 
in the private laboratory, where his first assistant 
Reicher was kept busy with van’t Hoff’s own investi- 
gations in addition to the testing of foods, including 
the weekly fat-determination in milk. Arrhenius 
spent some weeks in determining freezing-point de- 
pressions and found that racemic acid in aqueous 
solution breaks up into its components. Eijkman, 
back from his nine years’ stay in Japan, occupied bis 
time with organic researches and with freezing-point 
determinations by means of a “depressimeter’’ of his 
own construction. Van’t Hoff himself had a work 
bench facing one of the windows where he could be 
found practically all day from 9 a.m. on. However, 
he frequently retired to his study where he disliked 
being disturbed by callers. Every other Saturday he 
attended a meeting of the ‘Sugar Committee” which 
also included his colleagues Gunning and Hoogewerff. 
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These committee meetings took up the whole day and 
were spent in analyzing numerous sugar samples, 
They were held in the library which was not opened to 
visitors on those days. Van’t Hoff could not then be 
disturbed. 

He was by nature cautious and uncommunicative: 
current topics, literature, etc., were not considered. 
I do remember, however, that we once talked about 
Byron. Queries addressed to him were rarely answered 
on the spot, but one could be sure that he would returp 
to the subject matter in a day or two. I never gay 
him lose his temper, get angry, or annoyed, for instance 
when he found cigar butts lying around. These were 
immediately thrown in a slop jar because smoking 
was prohibited in the laboratory. He even remained 
calm when Eijkman (who was highly appreciated and 
evidently could do a lot without being reprimanded) 
allowed a water bath to dry up, let one of his sealed 
tubes explode, or, worse yet, tore out of the “Berliner 
Berichte”’ the page which he badly needed. 

From time to time van’t Hoff used to sing at his 
work table—not arias from Schubert or other famous 
composers, but simple popular ditties. Nevertheless, 
he did appreciate good music. I remember that one 
time when I was a guest at his home with Reicher 
the latter played a piano sonato of Beethoven for us. 

I have previously sketched van’t Hoff’s character 
on the occasion of the unveiling of van’t Hoff’s monv- 
ment (/). 


Van't Hoff’s Thesis 


On December 22, 1874, van’t Hoff took his Ph.D. 
degree. His promoter was Professor E. Mulder. 
The degree was awarded summa cum laude. He was 
then barely 22 years old. It may seem odd that a 
young man so eminently gifted obtained his degree 
on such an insignificant doctoral thesis (2). Cohen in 
his comprehensive biography (3) says: “The thesis 
itself is insignificant . . . . There is nothing really new 
in this work and one gains the impression that it has 
been put together with little ambition.” This is 
indeed the case; van’t Hoff cannot have had any 
illusion as to the value of this thesis. He had no taste 
for organic chemical work. In the summer of 188/ 
I met some chemists in Baeyer’s laboratory who had 
known van’t Hoff in Kekulé’s laboratory at Bonn, 
and they all spoke disparagingly about his experimental 
ability. Franchimont, who was well qualified to judge 
in this matter, likewise expressed an unfavorable 
opinion. Van’t Hoff evidently thought it was time 
to finish his studies. He did not want to burden his 
parents any longer, and furthermore, he had been et 
gaged to be married for some time. The atmosphere 
in chemical circles in those days was not conducive 
to the choice of the asymmetric carbon atom as 4 
topic for a thesis. Hence it was safer to pick an easy 
study dealing with cyanacetic acid. 


Royal Academy of Sciences 
Jorissen (4) has already given an extensive dis 
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cussion of van’t Hoff’s election and his attitude to- 
wards the Academy. Through the courtesy of the 
board of directors I was able to consult the memoranda 
of recommendation and the abstracts of the minutes 
and can, therefore, add some pertinent data to Jorissen’s 
article. The first memorandum, dated February 20, 
1879, was written by J. W. Gunning. Whether it 
was handed in or not is not clear. A memorandum, 
however, was actually presented on February 28, 1880, 
with the added signatures of E. H. von Baumhauer 
and T. Place. In the minutes of the meeting of March 
27, 1880, we read: ‘‘Present 27 members, not voting 4, 
noes 9, ayes 14. With 4 votes lacking Mr. van’t 
Hoff’s name cannot be placed on the list of candidates.” 
It should be remarked that a two-thirds vote was 
required for the nomination. For the election to 
membership the usual plurality was sufficient. 

Gunning’s memorandum deals mainly with the asym- 
metric carbon atom in the French and German edition 
of the ‘“Voorstel.”” It mentions also van’t Hoff’s 
computation of the results of Berthelot and Péan de St. 
Gilles’ study of the esterification of acetic acid with 
alcohol, and some organic chemical researches, among 
others the alleged optical activity of styrene. Gunning 
also mentions van’t Hoff’s “Ansichten” as a recom- 
mendation although this work was, as yet, incomplete. 

It was not until the meeting of April 2, 1881, that this 
memorandum came up for a lively discussion. The 
minutes record the following: 

The reading of the recommendation of Mr. van’t Hoff gives 
rise to an extensive discourse of Mr. Franchimont, stating that 
the motives which the sponsor and the co-signers of the memo- 
randum in favor of Mr. van’t Hoff have stressed do not carry 
enough weight. The speaker considers many points at great 
length, but concludes each time that the facts are either inexact 
or not of enough value to warrant the praises bestowed by the 
signers. He does not deny that Mr. van’t Hoff may yet become 
a worthy member of the Academy but believes that at this 
moment the recommendation should be rejected. Messrs. E. 
Mulder and A. C. Oudemans register their adherence to the 
many viewpoints expressed by Mr. Franchimont and state that 
they had already arrived at the same conclusion as their col- 
league. With 23 noes against 8 ayes Mr. van’t Hoff is not put 
on the list of candidates. 


Professor Gunning, who was absent from this meeting 
sent in a lengthy rebuttal of Franchimont’s remarks 
on April 26 and maintained his standpoint. This 
rebuttal deals mainly with the details of van’t Hoff’s 
chemical investigations and hence it is pointless to go 
into the matter further. Franchimont reiterated his 
objections in a paper sent to the Academy in September, 
1881. This statement has been published by Jorissen 
in the above-mentioned article. On both sides, the 
discussion was carried out in courteous terms. 

The matter lay dormant until 1885, when van 
Bemmelen, supported by Oudemans and Buys Ballot, 
wrote a lengthy memorandum of recommendation, 
mainly a résumé of van’t Hoff’s “Etudes de dynamique 
chimique,” emphasizing the exceptional merits of this 
work. By this time von Baumhauer had passed away. 
This memorandum which was presented in the meeting 
of March 28, 1885, led to van’t Hoff’s acceptance as 
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a candidate with 28 ayes out of a total of 31 votes. 
It is noteworthy that in the meeting of April 25, 1885, 
van’t Hoff obtained only a bare majority: 15 ayes out 
of a total of 29 votes. 

On closer examination of this course of events one 
must recognize the fact that the candidateship of 
1880 was undoubtedly premature. He was then barely 
28 years old. Many members must have thought 
that his election might well be postponed a few 
years. Of the important works on which his fame 
rests there was at that time little if anything at all 
published. His ideas on the arrangement of the atoms 
in space were hardly appreciated in his own country. 
In Franchimont’s laboratory the name of van’t Hoff 
was not mentioned. On the contrary, we were taught 
that it would be very difficult to find out anything 
at all about the spatial arrangement of atoms. Fran- 
chimont’s opposition was well founded when viewed 
from the standpoint of experimental organic chemistry. 
Nevertheless, he lacked insight into van’t Hoff’s in- 
genious ideas, and it was Gunning who deserved credit. 
for his early recognition of van’t Hoff’s genius. 

Van’t Hoff never bothered much about the Academy, 
but not from spite over the repeated failures of his 
candidacy. This was against his noble character. 
It is doubtful whether he was ever informed of the 
circumstances since it is customary to keep mum about 
such matters. He rarely attended the meetings. 
The sugar committee may, at least in part, be blamed 
for this for it held its meetings always on Saturdays. 
Only twice did he send a communication to the Academy 
and not once after his removal to Berlin. On March 10, 
1896, he sent in his resignation but was re-elected a 
corresponding member of the Academy. This. res- 
ignation was, apparently, an error on his part, since 
members who settle in foreign countries automati- 
cally become corresponding members. 


‘‘Ansichten liber die organische Chemie”’ 


Van’t Hoff wrote this voluminous book of 554 pages 
(Part 1, 291 pages; Part II, 263 pages) when he was 
between 24 and 28 years old. The preface is dated 
October, 1877, whereas Part II mentiens the year 1881. 
In the preface he also mentions the object of Part IT. 
This work was dedicated to Professor Th. MacGillavry, 
director of the Veterinary School at Utrecht. It was 
started during the time of van’t Hoff’s instructorship 
at that school. In the course of a lecture given in 
1894, entitled “How the Theory of Solutions Origin- 
ated,”’ he said: ‘You probably don’t know my ‘An- 
sichten iiber die organische Chemie.’ It is hardly 
worthwhile.”’ This book was, indeed, completely 
forgotten soon after it appeared in print. However, 
in passing judgment on his scientific work one cannot 
ignore a book to which he devoted several years in 
his youth. 

“The purpose of this work,” so he informs us in the 
preface, “is not to prepare a textbook or a handbook 
but to present a sketch of organic chemistry which may 
give some new viewpoints on the subject. The arrange- 
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ment and treatment has been carefully chosen so as 
to give a part of organic chemistry as nearly complete 
as was possible. This represents the first part of 
this work. 


“The second part gives an over-all view of organic 
chemistry with particular emphasis on those aspects 
which result from the treatment which I have chosen 
to use: knowledge of the chemical nature of the carbon 
atom taken by itself, and the changes which it under- 
goes when this element is attached to other atoms or 
atomic groups.” 

On reading this book one notices right away that an 
immense amount of data is compiled, without any 
indication of its purpose. For instance, physical data 
on methyl alcohol with literature references occupy 
a whole page, those on carbon dioxide a page and a half 
and on carbon itself even two and a half pages. Nu- 
merous cyanogen double salts have crystallographic data 
which take up three and a half pages. The particular 
classification of Part I amounts to a consideration of 
compounds which can be looked upon as methane 
derivatives. He discusses then in the order given: 
methane, methyl compounds, methylene derivatives, 
formylderivatives HCR;, carbon derivatives 
in other words compounds in which never two C atoms 
alone are arranged together. Hence all homologous 
series and all aromatic compounds are excluded from 
a consideration of the nature of the C atom. 


In Part 1) a comparison is made of compounds which 
are formed by replacing a hydrogen atom by halogens, 
oxygen, sulfur, etc., for instance, acetaldehyde and 
acetyl chloride. Frequent use is made of thermo- 
chemical data to examine the greater or smaller mutual 
affinity. This is obviously purely qualitative and often 
very vague. Occasionally reaction constants are 
computed as derived from measurements of Berthelot, 
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previously referred to. The change of chloracetic 
acid plus water into glycollic acid and hydrochlory 
acid is fully studied by means of reaction velocities, 
Tables of eight pages and more are given to illustrat, 
differences in boiling points of compounds in whic) 
hydrogen is replaced by chlorine and by bromine 
Similar discussions follow for hydrocarbons in whieh 
H atoms are replaced by O, 8 and N atoms. 

These two volumes are by no means easy to reg/ 
and after struggling through the whole, one is far from 
satisfied and is tempted to ask: what is all this goo 
for? I am inclined to agree with van’t Hoff’s ow, 
opinion (in 1894) quoted above: It is hardly worth 
while. 

Most extraordinary is the evolution in van’t Hoff’s 
development when one compares this work with the 
one he wrote only three years later: “Etudes de 
dynamique chimique.” 

T give below a brief chronology of van’t Hoff: 


Age 
Born August 30 1852 
Student at Delft 1869 17 
Chem. engineer 1871 19 
Cand. exam. Leiden 1872 20 
Doct. exam. Utrecht 1873 21 
“Voorstel”’ ete. 1874 22 
Ph.D. degree Utrecht 1874 22 
“La Chimie dans l’espace”’ 1875 23 
Instructor Veterinary School 1876 24 
Lecturer Univ. Amsterdam 1877 25 
Professor at Amsterdam 1878 26 
Member Royal Ac. Sciences 1885 33 
Hon. Professor at Berlin 1895 43 
Died March 1 1911 58 
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biochemist. 


take a chemist days to analyze. 


Given a little more time, nutritionists should one day be able to de-flavorize cold mutton, add a 
pinch of powder, and make it come out lobster thermidor, according to recent observations of a 
Perception of flavor, he says, depends upon taste and smell—senses that function 
like an efficient laboratory because they can identify in a fraction of a second compounds it would 
Science has learned that taste and smell of most things come from 
minute amounts of closely associated chemical substances. 
successfully extracted, and many of them can be duplicated in the laboratory. In addition, chem- 
ists have determined the nature of the molecules to which the senses respond and are now able 
to design a few tastes and aromas at will, according to this authority, 


Some of these essences have been 
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® HISTORICAL NOTE ON THE WARBURG 
CONSTANT-VOLUME RESPIROMETER 


To many who have used manometry in the study of 
tissue metabolism, the name Brodie is merely an adjec- 
tive to describe the manometer fluid. The formulation 
of a composition which would facilitate manometric 
practice! was a distinct, if not unique, contribution to 
biochemical technique. This is attested to by the fact 
that Brodie’s solution was adopted for their work by 
the leading early exponents of manometric methods in 
biochemistry and physiology, namely Warburg* and 
Dixon,‘ and is, or course, widely used today. Perhaps 
more significant than this innovation but even less well 
known was Brodie’s construction of a respirometer 
flask, manometer, and incubation bath essentially simi- 
lar in design to the present equipment known as the 
Warburg constant volume respirometer or Haldane- 
Barcroft-Warburg respirometer. Yet the fact is that 
during his professional career it was his researches in 
physiology, especially of the kidney, that brought Brodie 
most recognition, including fellowship in the Royal 
Society. 

Thomas Gregor Brodie was born at Northampton, 
England, in 1866, the son of a clergyman. His educa- 
tion at Cambridge was followed by study for the medical 
degree at King’s College London, where he was consid- 
ered an exceptionally brilliant student. Having chosen 
to make his career in physiology he found teaching posi- 
tions in London, finally becoming director of the 
Research Laboratories of the Royal Colleges of Physi- 
cians and Surgeons. When the Colleges closed their 
laboratories for reasons of economy, Brodie was out of 
work for a short while, but soon found himself with three 
positions simultaneously: at the Royal Veterinary 
College, the London School of Medicine for Women, 
and the Brown Institution of the University of London. 
A biographer says,® “This pluralism was necessary, for 


1 Brodie described his manometer fluid as follows:? 0.5 per 
cent bile salt solution “in which a little toluol is dissolved; 
sodium chloride is then added until the specific gravity of the 
solution is 1.034.” The low surface tension and high mobility of 
the solution was advantageous in making accurate readings. 
The solution was stable. In addition, its specific gravity is such 
that a column almost exactly 10,000 mm. tall exerts 1 atm. pres- 


_ Sure; this is a convenience in manometric calculations. 


* BropiE, T. G., “Some new forms of apparatus for the analysis 
of the gases of the blood by the chemical method,” J. Physiol., 
39, 391-6 (1910). 

* Warsura, O., Z. Physiol. Chem., 76, 331 (1912); Biochem. 
Z., 100, 230 (1919). 

‘Drxon, M., “Manometric Methods,” Cambridge University 
Press, 1934. 

5 Brit. Med. J., 1916, 11, 342. 
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each appointment individually did not yield a living 
wage.” In 1908 he became professor of physiology 
at the University of Toronto, but continued his contact 
with England by returning each summer with his 
family, for vacation, recreation, and research. While 
in England in 1916, as a captain in the Canadian Medi- 
cal Services, he suffered a heart attack and passed away 
on August 20 at his Hampstead residence. 

In addition to his work in renal physiology Brodie 
was also interested in respiratory changes in disease and 
injury (in the tradition of J. S. Haldane) and in rehabili- 
tation of disabled men. 

In a paper (see ref. 2) published in 1910 from his Lon- 
don laboratories (although he was by then in Toronto) 
Brodie described his “several modifications in the 
Barcroft-Haldane apparatus to simplify its use and to 
increase the rapidity of analysis.” Some of these 
modifications were indeed signal improvements and were 
subsequently incorporated into new models of constant 
volume-variable pressure instruments used in metabolic 
research. Brodie introduced an all-glass manometer, 
avoiding rubber connections between it and the flask 
so that a constant volume for the apparatus was assured 
even during shaking. Instead of the old U-shaped 
manometer, with a screw device across the bottom to 
raise or lower fluid, Brodie suggested fusing a short 
stem at the bottom to which a rubber reservoir (finger 
cot) could be attached. To make additions to the 
main compartment of his flask after the flasks were 
sealed, he fused a small bent glass tube into one side of 
the hollow stopper of the flask, so that its contents could 
be emptied in only one position of the stopper, 7. e., at 
a point where the neck of the bottle had a small recess 
moulded into it. The manometer was fixed vertically 
on a bent metal support which could be suspended from 
the side of the bath. According to Barcroft,® H. E. 
Russell was partly responsible for this supporting 
device. The bath was long enough to take 20 manome- 
ters, including one for use as a thermobarometer and a 
blank on the reagents. Brodie emphasized that with 
the new apparatus two workers could analyze 16 blood 
samples in five hours, including time consumed in 
cleaning the glassware. The simple manometer de- 
scribed by Warburg in his monograph on the metabolism 
of tumors’ is rather similar to the one developéd™by 
Brodie. 


6 Barcrort, J., Ergeb. Physiol., 7, 699 (1908). 
7Warsura, O., “Uber den Stoffwechsel der Tumoren,” 


Springer-Verlag, Berlin, 1926.: 
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The contribution of T. G. Brodie to instrumentation 
stands midway between that of Barcroft and Haldane, 
on the one hand, and Otto Warburg, on the other.® 
The two eminent British physiologists devised a tech- 
nique for estimating gases in small quantities in blood 


’Sir Joseph Barcroft recognized the scientific debt we owe 
Brodie. He called him “the most neglected man in this field” 
(private communication to W. W. Umbreit, 1947). 
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and made manometry a routine practice in the clinica 
laboratory. The substantial improvements in ¢op. 
struction and efficiency of their instrument made by 
Brodie undoubtedly facilitated the transition from its 
use in blood-gas analysis to its use, generally, in the 
study of gaseous exchange in the tissues, a field wher 
Otto Warburg has demonstrated the rare versatility 
of the manometric technique. ; 


DIFFICULTIES IN THE HITTORF METHOD OF 


DETERMINING TRANSFERENCE NUMBERS 


T ue Hitiorf method of determining transference num- 
bers is the one most commonly used in elementary 
physical chemistry laboratories to demonstrate the 
migration of ions.'. There are some points in both the 
theory of the method and in the experimental procedure 
which many students have difficulty understanding. 
The purpose of this paper is to show how these diffi- 
culties can be cleared up in a fairly rigorous manner. 

The method requires the determination of the change 
in concentration of the electrolyte in either the anode or 
cathode compartment after the passage of an amount 
of electricity which is measured by a coulometer. The 
initial concentration of the solution is known, and the 
final concentration is measured by withdrawing the 
solution from one electrode compartment and analyzing 
it. However, since volume concentrations such as 
normality and molarity can change without there being 
any transport of matter involved, the concentration 
of the electrolyte in the compartment is reported in 
terms of equivalents per grams of water in the compart- 
ment, and.this is compared with the equivalents of 
electrolyte that, were with these same grams of water 
before electrolysis. In order to make sure that all of 
the solution which, has changed in concentration is 
obtained, the compartment is washed with the original 
solution. These washings are combined with the 
liquid withdrawn, the entire amount is weighed, and 
then its concentration is determined. Invariably the 
student asks the following questions: (1) Why is it 


1 Davison, A. W.; H: S. vaN Kioostser, anp W. H. Bauer, 
“Laboratory Manual of Physical Chemistry,” 3rd ed., John 
Wiley & Sons, Inc., New York, 1941. 
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necessary to draw out all the liquid and weigh it, since 
only a part of it is used for the volumetric analysis in- 
volved? (2) Why can’t the calculations be made on the 
basis of equivalents per one gram of water rather than 
equivalents per total grams of water in the compartment? 
(3) Doesn’t washing the compartment with the origi- 
nal solution and combining it with the compartment 
liquid change the latter’s concentration and conse- 
quently the transference number? (4) Shouldn’t the 
amount of wash solution used be known and correction 
made for it? (5) Why can’t the compartment be washed 
with water rather than with the original solution’ 
Furthermore, in their calculations students often 
obtain values for transference numbers which are re- 
versed, 7. e., the value for the cation is really the trans- 
ference number of the anion. 

In order to clear up these difficulties in our labora- 
tory the theory of the method is developed in such a 
general way as to apply to all possible systems, whether 
or not the electrodes used are inert with respect to the 
solution.* If v is the faradays of electricity passed 
through the apparatus, then » equivalents of element 
will be formed in the coulometer. In the Hittorf cell 
v equivalents of ions will be involved in the electrode 
reaction, if there is one; t+v equivalents of cations will 
migrate out of the anode compartment and into the 
cathode compartment; and t-» equivalents of anions 
will migrate out of the cathode compartment into the 
anode compartment. The transference numbers of 
positive and negative ions are t+ and ft- respectively. 


? MacInngs, D., “The Principles of Electrochemistry,” Rein- 
hold Publishing Corp., New York, 1939, pp. 409-14. 
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For ease of writing and without loss of generality, let 
us take the example of the electrolysis of a silver nitrate 
solution and consider the anode compartment. The 
electrode reaction is 


Ag— Agt +e 


There is a gain of »v equivalents of Ag+ due to electrol- 
ysis and a loss of t+v equivalents of Ag+ due to migra- 
tion. The net change is a gain of v — t+v equivalents. 
If ¢ is the number of equivalents of Ag+ after electrol- 
ysis found with the weight of water in the compartment, 
and ¢; is the number of equivalents with the same weight 
of water before electrolysis, then 


y—tyy =e —e= Ae (1) 


In the cathode compartment the net change is a loss 
of vy — t+v equivalents, and since in this compartment 
¢,is greater than €, equation (1) becomes 


If the change in concentration is due only to ionic migra- 
tion and there is no electrode reaction, the first term in 
equation (1) is omitted, proper attention being paid to 
signs. 

We can now answer questions 1 and 2. We must 
withdraw and weigh all of the solution that has changed 
in concentration since we must know what is the total 
change, Ae, in equivalents of ions due to the passage of 
the v faradays of electricity as measured by the coulom- 
eter. If we report our analysis on only a fraction of 
the compartment liquid, then we have to reduce », 
the amount of electricity, by the ratio that the fraction 
bears to the total weight of liquid. The answer to 
questions 3 and 4 is that in order to get all of the solu- 
tion that has changed in concentration the compartment 
is washed with some of the original solution, and the 
mixture is weighed. Since we find the change in equiva- 
lents associated with the same number of grams of 
H:0 before and after electrolysis, it does not matter 
with how much solution we wash out the compartment. 
This can be shown rigorously in the following manner. 

Assume the initial concentration in the compartment 
before the current is passed to be C; equivalents per 
gram of water, and the initial mass of liquid to contain 
M, g. of water. After passage of current these values 
become C, and M». The net change in equivalents of 
ions is 

Ae = — C\M, (2) 


After the compartment is drained, it is washed with a 
small amount of the original solution of concentration 
C;. This wash is added to the rest of the solution which 
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was withdrawn, and the two are weighed together and 

analyzed for silver content. Let: 

M,, = grams of water in wash solution collected 

C, = concentration of wash solution used 

Mr = grams of water in mixture of wash solution and anode 
solution 

Cr = concentration (equivalents per gram of water) of mixture 
of wash and anode solution 


Then 
C.M, = CrMr — C\M, (3) 


In equation (2) we can take M, = M,. All calcula- 
tions are made with reference to the weight of water in 
the anode compartment after electrolysis for the reasons 
given above. Substituting M, for M, in equation (2) 
and replacing C,M», by its equivalent from equation 
(3), we get 


Ae = CrMr — CiMy — C\M2 


CrMr — CMe + Mz) (4) 


However, 
Mr=M,.,+M: 
so (4) becomes 


Cr —C,)Mr (5) 


Therefore in order to find Ae, the net change in 
equivalents of ions due to the passage of a known amount 
of electricity, we need to know only the initial concen- 
tration of the solution electrolyzed, C;; the concentra- 
tion, Cr, of the mixture of final solution plus wash, 
whatever the amount of wash solution, My, may be; 
and the total weight of water in this mixture, Mr. 
If Cr is decreased by adding more wash solution, then 
Mr increases accordingly, keeping Ae the same. This 
can be seen readily by giving arbitrary values to the 
variables, calculating Ae, and then recalculating upon 
addition of more wash solution. 

The answer to question 5 is that if water is used for 
washing instead of the original solution, we must then 
know the exact amount of water used. This is impossi- 
ble since there will always be some liquid left on the 
walls of the compartment when it is drained. If 
water were used for washing, our equations change as 
follows: 


Ae 


CrMr = Cr(M,y + M2) 
CrMr — = Cr(My + M2) — 
CrM,, + MACr — (6) 


From equation (6) it becomes evident that it is not 
sufficient to know M7, the total number of grams of 
H.O in the mixture of wash solution and anode solution, 
but we must know exactly how Mr is divided into its 
parts, M, and Ms». 


GREEK PHILOSOPHY 


Not more than a few hundred years (sixth to fourth 
centuries B.c.) were needed by the ancient Greek genius 
to lay down reasonable philosophical bases of the 
origin, continuation, and understanding of the uni- 
verse. The impulse came from the Greek colonies in 
Asia Minor and Lower Italy with their great business 
centers, and this development was favored by the 
economic prosperity of the colonies and the influx of 
foreign intellectual and cultural forces. It was in this 
atmosphere that the untroubled minds of the Greek 
philosophers took up the contemplation and _inter- 
pretation of Nature. Under the compulsion of mental 
economy, they proceeded from the simplest, the ob- 
vious, and what was closest at hand, and postulated 
that the All had originated in the One and that the 
whole world constituted an harmonious unit (“Hen 
to pan’). From this starting point, Thales of Miletus 
(640-546) saw the origin of all things in water “which 
is in all and into which all returns.” Heraclitus of 
Ephesus (ca. 536-470) had a different explanation for 
all that is and happens: everything came from fire, it 
transforms substances, it is the soul of all things. He 
postulated a perpetual dynamic of being in that he 
made a continuous state of flow (panta rhei)—a produc- 
tion and destruction—the basis of everything. This 
doctrine of continuous change was opposed by Melissos 
of Elea (sixth century B.c.) who set up the principle of 
eternal permanency or conservation since “. . .nothing 
can come from the non-being and hence that which has 
ever existed must continue in being forever and ever.” 
Parmenides (b. about 515 B.c.), head of the philosophi- 
cal school at Elea, brought this state of eternal being 
into sharper focus by emphasizing the eternity of the 
being comprehended through thought! as against the 
illusory sham produced by the senses. Previously, 
Anaximenes (ca. 560-00) had declared that air is the 
primal element of all things, while Anaximander of 
Miletus (611-547) assumed a characteristicless ultimate 
material—the infinite—from which all individual things 
are derived and into which they can all return. An- 
axagoras (500-427) a teacher in Athens, was the first 
to reject the one-element system. He not only pro- 
mulgated a plural system of infinitely many elementary 
species (with unlimited divisibility of space and time), 
but he also was the founder of philosophical dualism, 
in that he postulated that matter embodies an ad- 


1 Compare, ¢. g., Plato’s theory of ideas and Descartes (1641) 
“Cogito ergo sum.” 
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mixed spiritual principle (nus) which is responsible for 
life and movement. These theories were firmly united 
by Empedocles of Agrigentum (490-30) who assumed 
that the building blocks of matter are four in number: 
water, earth, fire, air. The multiplicity of materials 
results from the mixing (in definite proportions) or de- 
mixing of these elements, under the influence of love and 
hate. Here is encountered, for the first time, a chemi- 
cally oriented train of thought, which analytically fore- 
sees the composition and synthetically the cause of the 
union. 

About this time, Democritus of Abdera (ca. 460- 
360), a pupil and fellow-citizen of Leucippus, set up a 
purely mechanical system through his theory of atoms. 
Real matter finds the limit of its divisibility in the 
“atoms.” These were assumed to be uncreatable, 
indestructible, and infinite in number and form (en- 
dowed with points, hooks, loops, knobs, etc.) but of 
like substance; they had been in whirling motion 
since all eternity, and through collision, concatenation, 
coupling, and conglomeration they automatically 
unite to form the most varied material substances, 
“Nothing exists except atoms, motion and empty 
space... .” “Nothing is gotten out of nothing, and 
nothing passes away into nothing.” Thus a physical- 
mechanical world picture appeared in the mental arena. 

Greek natural philosophy reached its zenith with 
Plato of Athens (427-344) and his pupil Aristotle the 
Stagirite (384-22). Plato accepted the four-element 
theory of Empedocles and—as did Aristotle later— 
represented the mutual transformations of the ele 
ments: 


Earth = Water = Air @ Fire 


According to Aristotle, these four elements are the 
types for the paired opposites of the physical qualities 
hot-cold, wet-dry. What is an element? “Let us 
then define the element in bodies as that which is pres- 
ent in them, either potentially or actually, and which 
cannot itself be analyzed into constituents differing in 
kind.”? Aristotle taught that one single kind of 
formless matter hyle, (primal matter), is the basis of 


? ARISTOTLE, “On the heavens,” Translated by W. K. C. 
Guturie, Cambridge University Press, 1909, Chap. 3, p. 183. 
This classic definition recurs: Avicenna (980-1037), Wilhelm de 
Conchis (twelfth century ), Nicolaus Cusanus (fifteenth century, 
Daniel Sennert (1619), Joachim Jungius (1642), Robert Boyle 
(1661), A. L. Lavoisier (1789), etc. The repetition of the ancient 
concept was important of course, but it lacked the experimental 
basis, which guaranteed this limit of divisibility. 
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all elements and things. “It is a basic principle of ex- 
perience that everything in Nature is in motion 
(change),” and God is the “unmoved mover,” he is the 
“pure energy” (entelechy), “the pure soul of things,” 
and teleology rules all events. 


THE DUALISTIC PRINCIPLE 


According to the Eleatic school, the world is divided 
into the two contraries: the world of being compre- 
hended by the spirit (through thinking) and the world of 
appearances derived through the senses. The dualistic 
principle is organically anchored in the philosophy of 
Plato and his world of ideas. The true and really ex- 
isting world is that of ideas. This world picture was 
extended by Aristotle and given a fresh interpretation 
in an idealistic-metaphysical general world view. Ina 
world filled with ideas (as the active princip!:) all 
being and occurring is governed by a_ purposeful 
foree—the divine unmoved mover. In direct contrast 
to this ideology, was the Democritean materialistic- 
mechanistic world picture: in a world without be- 
ginning or end and without purpose, and consisting of 
void and atoms, eternally whirling in meaningless 
fashion, everything occurs automatically according 
to strict mechanical laws. 

The following fundamental dualistic ideas (or axioms) 
were set up with regard to matter and the changes it 
undergoes : 

(1) Everything was created, and by a higher power 
in purposeful fashion, and is subject to continuous trans- 
formation (the panta rhei of Heraclitus, the eternally 
unmoved mover of Aristotle); or everything is from 
all eternity and aimlessly follows its own causality and 
autonomy (Democritus). 

(2) Everything has issued from a single prime ele- 
ment (Thales, Heraclitus, Democritus), all atoms con- 
sist of the same substance; or four elements (in fixed 
proportions) make up all bodies and worlds (Em- 
pedocles) and they in turn are derived from a single 
basic material hyle (Plato, Aristotle). 

(3) The various elements are unchangeable (An- 
axagoras, Empedocles); or the elements can be con- 
verted into each other (Plato, Aristotle). 

(4) The divisibility of matter has a limit, it is made 
up of indestructible, eternal atoms as its smallest sub- 
divisions (Democritus); or matter is a continuum and 
can be divided without limit (Plato, Aristotle). 

(5) A (biological) “creation and decay” governs the 
flow of being (Heraclitus); or alternatively a (me- 
chanical) “mixing and demixing” is the basis of all 
change (Empedocles). 

(6) The interaction of materials and elements or 
atoms is the result of internal (psychic-metaphysical) 
causes, such as love and hate (Empedocles), through 
nus or entelechy (Anaxagoras, Plato, Aristotle); or 
they react according to external purely mechanical 
principles, such as enchainment, adhesion, grappling 
(Democritus). 

(7) The dim past obscures the origin of the axiom: 
“From what is not in being, there can issue nothing,” 
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or “Nothing decays into nothing,” or ““Whatever has 
been, has been forever, and always will be” (Melissos, 
Anaxagoras, Democritus, etc.). This axiom is the 
law of conservation for the totality of the real, the 
existing and the active, 7. e., of the actuality; a priori 
it postulates the conservation and indestructibility of 
this reality of substance, force,’ and spiritual powers, and 
guarantees the foundations of the perceptual activities 
with respect to natural phenomena. 

The contrast between the mental world of the 
Eleatics and the world of phenomena of Aristotle and 
Epicurus manifested itself in more recent times in the 
natural philosophy of Hegel and Schelling with their 
“speculative physics,” which in short rejected the 
arguments of experimental chemistry as illusory. . . 
“fall the more so because of the experiments.” 

Dualism has always been important in the formation 
of chemical concepts. Opposites were: metals and 
nonmetals, noble and base metals; acids and alka- 
lies; oxidation and reduction; inorganic and organic; 
heteropolar and homopolar, etc. This principle of 
dualism likewise prevails in physics, ¢. g., thrust-recoil; 
attraction-repulsion; action-reaction; or quite gen- 
erally as the opposing action called forth by an active 
influence or the polarity of forces (such as electro- 
magnetic), or force-matter; or ponderable and im- 
ponderable substances, etc.; or mental recognition as 
against sense perception. Speculative physics ex- 
plains that the ultimate “something” which fills the 
world unites in itself the opposite of being and non- 
being. Animate nature uses this principle figuratively 
as a constant biological regulator that automatically 
intervenes as a constant protective factor. Modern 
physiology and biochemistry are well acquainted with 
this ‘‘antagonistic principle” of the living organism, 
which of its own accord mobilizes antidotal materials 
to combat noxious materials that ai. upsetting the 
normal equilibrium conditions. For example, anti- 
toxins oppose toxins, antiferments combat ferments; 
active materials (hormones, vitamins, etc.) undo the 
effects of inhibitors; antibiotics consume harmful micro- 
organisms, etc. 


RECURRENCE OF FUNDAMENTAL IDEAS 


The axiom of the conservation of all material sub- 
stance (7. ¢., its indestructibility), which was so defi- 
nitely formulated by the ancient natural philosophers, 
did not find its experi.ental and theoretical confirma- 
tion until two millenia later, when Lavoisier (1789) 
verified this principle with respect to weight (mass) 
and J. R. Mayer (1842) with respect to energy. How- 
ever, had dualism not accepted as real a world of being 
created by thought along with the world observable 
through the senses? Does the law of conservation, 
indestructibility, and recurrence likewise hold here? 
The ancient natural philosophers clearly extended the 
law of conservation to the mental-spiritual world. 


* The law of the “conservation of force and matter’’ was al- 
ready formulated in 1748 in a letter by M. Lomonosov to L. 
Euler. 


4 
| 
‘Ing 1 

nd of 

ASIS Ol 

K. C. | 

p. 188. 

1elm de 

ntury) 

, Boyle | 


The concept of “the eternal recurrence of the same’ 
has come down from Pythagoras (ca. 580-00). From 
Plato we have his “idealistic philosophy”: Ideas con- 
stitute the eternal, the unchangeable, the true world; 
knowledge is the memory of and cogitation of prenatal 
being, and the soul is immortal. The greatest Arabian 
philosopher Ibu Raschid Averrhoes (1126-98) taught 
a unity of the speculative intelligence in all men, con- 
sequently “nothing new can arise in nature and under- 
standing, the eternal can only repeat itself and appear 
at different places.” 

Passing from the Middle Ages into the beginning of 
the modern era we find Nicolo Macchiavelli (1469- 
1527) speaking of the “recurrence of all that happens 
as the consequence of the natural uniformity of men.” 
Goethe, who for his optical and botanical investiga- 
tions had made a thorough study of all the available 
source books, including the earliest, resignedly stated 
(1829): “Everything worth while has already been 
thought of, one must only try to think of it again.” 
Or “The thoughts recur, the convictions multiply, 
the conditions are lost irrevocably.” Similarly, Scho- 
penhauer (1788-1860) took as the principal truth of all 
philosophy “that the same is present at all times, all 
becoming and creation is only seeming, ideas alone 
are permanent, time is ideal.” According to him, true 
historical philosophy is the recognition that “man al- 
ways has before him the same, like and unchangeable 
being, which today carries on the same as yesterday 
and forever. . .this identity, which persists under all 
circumstances, makes up the fundamental character- 
istics of the human heart and mind.” Jacob Burck- 
hardt (1818-97) declared: ‘The spirit has mutability 
but not perishability, neither the soul nor the brain of 
man has increased demonstrably in historical times; 
in any case, his abilities were complete long ago.” 
In the same sense, Friedrich Nietzsche (1844-1900) 
defended the thesis of “the eternal recurrence of the 
like.” 

Scientists likewise have expressed similar sentiments. 
In his oration at the 25th anniversary (1890) of the 
benzene theory, its brilliant creator, August Kekulé. 
declared: ‘Nothing absolutely new has ever been 
thought, certainly not in chemistry. ... Anyone who 
has studied the history of his science and has made a 
profound study of the classics, can guarantee that no 
science has developed so constantly as chemistry. . . . 
Our present views do not rest on the ruins of earlier 
theories, as has frequently been supposed. None of 
the earlier theories has been judged to be completely 
wrong by later generations; after being divested of 
certain unlovely flourishes, they all could be placed in 
the later structure and with it form an harmonic whole.” 
These words from one of the principal architects of the 
classical structural chemistry are echoed by one of the 
founders of classical physical chemistry. When Wil- 
helm Ostwald completed his extensive “History of 
Electrochemistry” he wrote in the preface: ‘There is 
little actually new, which has not already been 
thought.” About 25 years ago, in a conversation with 
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Richard Willstatter and Fritz Haber, I expressed my 
joy in the postwar revival of chemical research jy 
Germany. They rejoined: “Yes, but who will pro. 
vide us with the new ideas?” Shortly before his 
death, the great physician August Bier (d. 1949) stated 
that medicine, with respect to its art and ethics, had 
not progressed very much beyond the condition created 
by the Greeks thousands of years ago. Finally, to 
quote the clergyman-poet Heinrich Wolfgang Seidel 
(d. 1945): “It is questionable whether new ideas are 
still possible. Instead, there are new mental pictures, 
which arise just as new patterns appear when the kalej- 
doscope is shaken: ideas that have long been present 
are combined in unfamiliar ways and hitherto unseen 
golden, blue or red pieces of glass now push themselves 
into the foreground. The pattern lasts until someone 
else shakes the apparatus.” 

This skeptical attitude, extending over thousands of 
years, leads to a clear-cut response, namely: The great 
(culture-producing) ideas are indestructible, through 
recurrence they are permanently present, and— 
summa summarum—iimited and constant. After this 
general inquiry by mentally creative personalities the 
developmental history of several fundamental ideas of 
modern chemistry can be analyzed with particular em- 
phasis on the role of the dualistic principle and the 
recurrence or retention of the basic idea. 


DEVELOPMENT OF BASIC IDEAS OF MODERN 
CHEMISTRY 

Heraclitus taught that “fire” is the primal element; 
from it all has been created, it changes all substances, 
and it constitutes the creative power, 7. e., the soul of all 
things. Fire includes all within itself: substance and 
energy, light and heat. Even the ancients believed 
light to be corpuscular; were not the myriads of light 
particles dancing in the beam entering a darkened room 
plainly visible? In the eighteenth century, it was be- 
lieved that light issued from burning substances as 
phlogiston (Stahl) or as “inflammable matter,” whereas 
Boyle (1661) held that ponderable fiery particles en- 
tered the combustible matter during burning. Around 
1760, Joseph Black treated heat as an uncreatable, 
indestructible material, and this lead was followed in 
1780 by Laplace and Lavoisier in their physical meas- 
urements of heat. Lavoisier (1789) included light and 
heat (as imponderable prime materials) among the 
chemical elements. He applied the ancient peri 
patetic axiom of conservation (indestructibility) to the 
material world, and hence implied that light and heat 
are likewise indestructible.‘ 

Similarly, the idea of an ultimate material (the 
hyle of Aristotle) celebrated its rhythmic return. 
This primal element was converted from a thought con- 
cept into a problem of the practical experimental art 


* As late as the middle of the nineteenth century, heat, light, 
and electricity were extensively mentioned as three imponderable 
elements in Leopold Gmelin’s multivolume “Handbuch der 
Chemie.” Had not Hegel (1770-1831), the philosopher, also 
defined light as “the immaterial matter”? Likewise, did not 
Sadi Carnot (1824) treat heat as something material? 
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when the alchemists endeavored to achieve the artificial 
production of gold. The procedure was to break down 
the ignoble metals until the prima materia, 7. e., the 
most subtle matter, was reached and then, in some way 
or other, to obtain the desired new product, gold, by 
condensation or polymerization. No less a personage 
than Albertus Magnus (1193?-1280) was reputed to 
have actually seen gold being formed in the Rhine and 
the Elbe. The art of alchemical gold making, with 
its thesis of a primal matter and transmutation of 
metals, lasted more than 1000 years. It is an im- 
pressive instance of the recurrence, the vitality and the 
power of certain ideas to dominate many minds. De- 
spite their lack of practical success, these alchemical 
ideas nonetheless exerted an influence on theoretical- 
speculative thinking even into the nineteenth century. 
They were revived after their scientific opponent, the 
Democritean atomic theory,’ had experienced a revivi- 
fication and reorganization through John Dalton’s 
historic achievement (1803-08). At the same time, 
it becomes apparent how two contrary mental tend- 
encies can become intertwined and fertilize each other. 
From the deductively derived law of multiple propor- 
tions (for the union of the atoms of different material 
elements in integral proportions), Dalton proceeded 
to the experimental determination of the relative (re- 
ferred to hydrogen = 1) atomic weights; his numerical 
values could be no more than approximate and in addi- 
tion they were rounded off. Consequently, it was an 
anonymous writer (who later turned out to be the 
English physician and natural philosopher William 
Prout) who, en passant, raised the question whether 
this whole number relationship of the atomic weights of 
many elements might not point to hydrogen as the 
ultimate structural material of all elements, somewhat 
in the sense of the ancient theory of the protyle. This 
conjecture gave rise to a theory, which was bolstered up 
by new (inexact) determinations, and Thomas Thomson 
declared (1825) this Proutian hypothesis to be a funda- 
mental law of matter. Moreover, Humphry Davy 
as early as 1812 had suggested that the “undecom- 
posed materials” might consist of hydrogen and a 
principle which as yet is not known in free form. 

“Ideas are indestructible’ (Plato); the ancient 
theory of the compound nature of the elements or 
metals had again come to life. Oecersted (1812) and 
Faraday (1816) had taken it up and discussed it along 
with the Proutian hypothesis and the idea of trans- 
mutation. Later, Faraday treated matter or the 
atoms entirely from the viewpoint of forces; for him, 


5 The atomic theory of Democritus was revived in Rome by 
the contemporaries, Titus Lucretius Carus (98-55) in his didac- 
tic poem De rerum natura, and by the philosopher-physician 
Asklepiades (first century B.c.), who set up a pore theory which 
embodied a mechanistic-atomic concept of the processes of life 
and disease. At the beginning of the seventeenth century there 


was a revival of the atomic (corpuscular) theory on the basis of 
this pore theory by the physician-chemistry professor Daniel 
Sennert (1618 ff.), then—through philosophy—by Joachim 
Jungius (1642 ff.), Pierre Gassendi (d. 1655), as well as in chemis- 
try by Robert Boyle (1666 ff.) and Nicolas Lemery (1675), and 
in physics by Isaac Newton (1704), ete. 


the atoms were mathematical points from which ema- 
nate forces or in which the directions of forces 
cut across each other. The domain of the atomic 
weights also included the numerous speculations of the 
chemists regarding the nature of the atoms and their 
grouping. Th. Graham, Dumas, Odling, Pettenkofer, 
De Chantcourtois, and Newlands examined and ar- 
ranged the atomic weights of the constantly increasing 
number of elements, convinced of their compound na- 
ture and common origin from a prime material. One 
important result was the discovery of the natural or 
periodic system of the elements by Lothar Meyer and 
Dmitri Mendeleev (1869-70); another was the philo- 
sophical treatment of matter, the genesis of elements, 
etc. During the 1860’s such considerations were much 
in vogue, and C. W. Blomstrand, an adherent of 
Berzelius, protested against this theorizing according 
to which “only a single material exists, that everything 
which is called energy is nothing but a different kind 
of movement of the same medium”’ (1868). 


A cautious but plausible hypothesis was offered in 
1865 by Kekulé to account for atomic weights which 
certainly were not whole numbers. In opposition to 
the theory, which had been accepted from the time of 
Dalton, that all the atoms of a given element are of the 
same kind and weight, Kekulé suggested “that the 
atoms of a given element are not of the same size’’® 
and therefore in any reaction there might occur a kind 
of “sifting of the atoms.” As is well known, J. J. 
Thomson and also F. W. Aston demonstrated (1920 
ff.) that the natural elements (prime materials) ac- 
tually are such mixtures of isotopes. In fact, since 
1921 the “sifting” has been accomplished by distillation 
(Brénstedt-Hevesy) and by thermodiffusion (Clusius, 
1938 ff.). 


Similarly, Mendeleev in his discussion of the periodic 
system of the elements’ stated concerning this matter of 
the whole number relationship of the atomic weights: 


I-ven if it is assumed that the matter of the elements is per- 
fectly homogeneous, there is no reason to presuppose that n 
parts by weight of an element of n atoms on changing to an atom 
of a second element will yield n parts by weight of the latter, or 
that the atom of the second element will be n times as heavy as 
the first. The law of the conservation of mass can be regarded as 
a special case of the law of the conservation of energy or motion. 

The weight will naturally be caused by a special kind of 
motion of matter, and there is no reason to deny the possibility, 
when elementary atoms are being formed, of the conversion of 
this motion into chemical energy or any other form of motion... . 
If, therefore, a known element should undergo decomposition, or 
a new element should be formed, these phenomena might perhaps 
be accompanied by a decrease or increase of the weight. 


Bold and prophetic words, which were confirmed ex- 
perimentally and speculatively some 30 years later! 
Chronologically the physicists followed this line of 


6 W. Crookes expressed a similar idea when (1886) he advan“ed 
the possibility of the existence in the element calcium of atoms 
Ca = 39 and 41, or Ca = 38 and 42. Clerk Maxwell (1871) had 
taken the identity of all atoms of an element as being proved, 
since otherwise it should be possible to separate them by diffusion, 
and actual trials had turned out negative. 

7 MENDELEEV, D., Ann. Suppl., 7, 206 (1871-72). 
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study. It was William Crookes and his discovery of 
“radiant matter” which pioneered this movement. 
By 1879 he was able to declare: ‘‘We have seen that in 
some of its properties, radiant matter is just as material 
as this table, while in other properties it takes on almost 
the character of radiant energy. We have actually 
touched the boundary region where matter and energy 
seem to go over into each other.” This certainly 
means: “Nature, in her responses, adjusts herself to 
the questions and tests we put to her.” 

When J. H. Poynting developed a theory of energy 
flow (1884), he treated electromagnetic energy as 
though it were asubstance; concurrently and similarly, 
L. E. Boltzmann did the same with cavity radiation. 
The problem’ was “in the it matured in the next 
half-century; and after F. Hasendhrl (1904) had estab- 
lished the proportionality between mass and energy, 
A. Einstein announced his well-known e = me? rela- 
tionship. Accordingly, mass m and energy e are conver- 
tible into each other. Was not this mutual intercon- 
vertibility demanded by the primary idea of more 
than 2000 years ago, and did not the statement ‘hen 
to pan”’ teach that “‘one is all and all is one’’? 

E. Rutherford (1911) and Niels Bohr (1913) provided 
the historical concept of element and atom with a new 
atomic model; there arose the familiar picture with the 
nucleus, which embodied the entire mass of the atom 
(corresponding to the atomic weight) and which con- 
sists of hydrogen atoms packed together (partly as 
positively charged protons, partly as uncharged neu- 
trons) and surrounded by an envelope of negatively 
charged electrons, which revolve in orbits around the 
spatially tiny nucleus, somewhat similar to the cosmic 
planetary system. In addition, spectroscopic studies 
demonstrated that the same elements occur on the sun 
as on the earth, 7. e., the same hydrogen serves as the 
structural unit throughout the solar system at least. 
Consequently, there is here a recurrence of the idea of 
primal matter-protyle-hydrogen. The ancient idea 
of the transformation: substance = force (energy) also 
found its imprint in the universe, since the constant 
transformation of hydrogen into helium releases energy 
as luminous energy, and new stars (novae) are produced 
through new synthesis and dissociation in this universe- 
laboratory. The ancients spoke of an eternal ‘flux,’ 
“creation and decay”—did they not see the image of 
the macrocosm in the microcosm? What occurs in the 
universe has its reflection in the atom, and the modern 
astrophysicists ‘“‘are terrified at the greatest cosmologi- 
cal vision,” namely that “the universe in its greatness 
and structure is already typified in the atom” (Wald- 
meier, 1947). Did not the ancients envisage the unity 
and the totality of the all? Nicolaus Cusanus (d. 1464) 
taught the uninterrupted connection between all things 
in the world, in that the whole is in the individual, 


8 As early as 1878, Fr. Zéllner had made a calculation of the 
internal electrical energy of matter: the energy in 1 g. H.O 
would correspond to a quantity of motion equal to that imparted 
to a projectile weighing 520 kg. by 16.7 kg. of gun powder. 

® Shortly before his death (1891), Helmholtz also chose as the 
subject of a lecture “Specious substances and enduring motions.” 
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the individual in the whole, all is in all. Consider the 
vision of Giordano Bruno (d. 1600). His divinatio, 
gave him a view far into the infinities of space and time 
In the tiny monads he saw this same coalescence an4 
extent of coexistence of opposites as in the universe: 
he saw how the greatest is reflected in the smallest 
how the individual strives toward the whole; the whole 
however, shapes itself as its own keeper. In the end. 
less universe there is no middle point, no rest; every. 
thing in nature is involved in eternal motion, change, 
decomposition, renewal. Does not this vision contain 
a preview of the world picture which has been brought 
forth once more in modern astrophysics and clothed 
in precise mathematical garments? 

What of the question of mass numbers and forms in 
the universe? The mystic philosopher and mathema. 
tician Pythagoras (fifth century B.c.) taught: “Nun. 
ber and mass constitute the essence of the universe,” 
Plato assigned the cube, tetrahedron, octahedron, ete, 
to the four elements, and according to Aristotle the 
substance was made real only through its form. Gali- 
leo (1564-1642) declared: “the letters in the book of 
nature are called triangles, squares, circles, spheres.” 
And now, a leading physicist (W. Heisenberg) wrote 
recently: “The harmonies of the Pythagoreans, which 
Kepler still believed he could find in the orbits of the 
heavenly bodies, have since the days of Newton been 
sought by science in the mathematical structure of the 
dyanmic event, in the equation formulating this law.” 
Ever since the multiformed atoms of Democritus and 
their revival by Dalton (1803 ff.) “mass, number, and 
weight” have been incorporated into chemistry. Ste 


reochemistry operates with the carbon tetrahedron 
(van’t Hoff, 1874), the octahedron (A. Werner, 1913); 
the cube has been used as the most favorable arrange- 
ment of eight electrons in the atom (G. N. Lewis, 1928). 
The wide distribution of the crystalline condition, even 
in the organic compounds of natural materials, was 
detected by means of X-rays; “the physics of crystals 
has been transformed into a crystal stereochemistry. .. 
to which must be adapted the representation of the 
molecular stereochemistry in the whole field of formula 
chemistry” (P. Niggli, 1949). This shape problem 
plays a part also in macro-molecular structures (plas- 
tics) and likewise “the chemistry of the living cell isa 
form and space chemistry” (H. Staudinger, 1950). 

A further problem concerns the “animation of matter.” 
After Empedocles ascribed the creation and decay of 
substances to the action of hate and love, 7. e., to psy- 
chical powers, and Democritus endowed his atoms with 
a soul, the idea of a world soul or a world inspiration 
occupied the philosophers of the succeeding centuries. 
Among these were: Agrippa von Nettesheim, Paracel 
sus, Giordano Bruno, Kepler, Leibniz, Goethe, Schel- 
ling, Fechner, ete. Leibniz animated his monads and 
declared: “All nature is full of life.... Therefore, 
nothing is inanimate, unfruitful, nothing in the universe 
is dead.” Modern chemistry includes “the theory of 
affinities” among its main chapters. In_ biological 


action, the crystallizable ferment (enzyme) as well as 
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the living cell is distinguished by a “selective specific- 
ity” toward optical antipodes; some speak of a “mem- 
ory of organic matter” (E. Hering) or of an “ente- 
lechy” (H. Driesch). Modern atomic physicists find 
themselves constrained to declare that “the photons, 
which make up the light ray, behave like intelligent 
beings’ (M. Planck, 1938), or that the electrons pos- 
sess “spiritual qualities,” or that there is a “protein life” 
(P. Jordan, 1947). Those who study catalysts speak 
of the “power of solid material to remember” (Hiittig, 
1944) and scientific technologists emphasize “fatigue” 
of metals or the “fatigue characteristics’? and the 
“aging” of rubber (Konrad, 1950), ete. Thus the 
ideas recur. 


CONCLUSION 


In the intellectual world it is by no means true that 
the most recent is new and that the old is obsolete; 
the robe of the modern natural philosopher conceals 
the chiton of the ancient thinker. 

(1) The biological likeness of men is accompanied 
by a similarity in their mental-spiritual characteristics 
(intellectual horizon, breadth of imagination, depth 
of perception, etc.) There follows a certain uniformity 
in the formation of scientific ideas, which (because of 
the biological parallelism of development and the 
tendency to self-preservation) likewise prefers a state 
of continuation. Plato believed the production of 
ideas to consist quite generally of “recollection” or 
“meditation,” and Goethe’s explanation was: “Ex- 
perience can extend itself endlessly, but theory cannot 
purify itself and become more perfect in the mind. The 
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universe stands open on all sides to the former, but the 
latter is inclosed within the bounds of human abilities. 
Therefore, all types of presentation must recur.” 


(2) The innate “basic” ideas derived from a prioris- 


tic knowledge are especially governed by the persist- 
ence (conservation) law; as the fundaments of the 
natural-philosophical world picture they are “eternal” 
in the Platonic sense. 


(3) Temporal rhythmic pendulation—recurrence 


and change—of the opposing ideas occurs according 
to the drift of the times and the directions of thought. 


(4) The temporal progress of research in connection 


with the change in the dualistic basic ideas manifests 
itself essentially in the new ways in which the problems 
are put, which—in the Goethian sense—lead to new 
experiences and applications; the fundamental ideas 
are hereby subjected to certain adaptations, extensions, 
new interpretations, relation to new facts, concepts, 
etc. 


(5) Because the constitution of the human mind 


is controlled by its very nature, and as a result of the 
inherited (dualistically oriented) method of putting 
questions to nature, certain limits seem to be imposed 
on the creation of new basic ideas. 


(6) However, apart from the  tradition-bound 


mental creativeness, special coincidences may result. 
in the discovery of something absolutely new in the way 
of fundamental ideas and facts. 


10The remark at the presentation of the Nobel Prize for 
Physics in 1939 is characteristic: ‘The progress of science is the 
progress of the instruments, and the advance to giant instruments 
is only a question of money.” 


The lively interest being shown at the present time in that 
simplest of living creatures—chlorella, a member of the algae 
family of unicellular fresh water plants—brings yet one day closer 
the time when we could all be carrying our meals around in small 
paper packets and taking a few tablets every four hours. This 
betrayal of the palate is taking place through the agency of what 
our forefathers in their rugged and unenlightened way would 
have called ‘pond scum.”’ The bane of a nanny’s life when her 
charge insisted on paddling in muddy woodside pools has been 
raised in status from something to be scrubbed off as quickly as 
possible to a ‘‘rich source of food containing 45-50 per cent pro- 
tein, 15-20 per cent fats and 20 per cent carbohydrates.” Nanny 
would have been very surprised. Candidly, the prospect of 


living forever on bread smeared with a thin layer of yeast-like 
stodge—rather like a railway meat paste sandwich, one imagines 
—is about as exciting as last week’s suet pudding. The news 


that scientists have not only managed to exist for a week on 
this panacea, but actually felt ‘“‘as though they had had a 
good meal’’ after each dose, gives rise to grave disquiet, 
not to say alarm. What will happen to the delicacies of 
the table, the roast Scotch sirloin, the lobster mayonnaise, the 
asparagus and strawberries, the omelettes Espagnoles, and even 
the plain fish and chips if all these are to be replaced by two thin 
slices of bread and a communal trough of algae? The conse- 
quences of such an act do not bear thinking about. If the armies 
of the future are going to get algae for breakfast, dinner and tea, 
it is even odds that they will face the enemy after their marches 
with greater enthusiasm than they face their meals. There is 
only one foreseeable advantage for this new diet—guests will be 
able to sleep in the kitchen.—The Chemical Age, November 24 
1951. 
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* THE CHAPTER OF STUDENT AFFILIATES AT 
BAYLOR UNIVERSITY 


For several years chemistry clubs have existed intermit- 
tently at Baylor University, but as the enthusiasm 
of each group of students who formed the club waned, 
the organization withered away because there was no 
strong organization to give it continuity from one school 
year to the next. However, with the establishment 
of the national organization of student affiliates by the 
American Chemical Society sufficient impetus was given 
to a club to maintain its organization year after year. 
With high hopes Baylor initiated its chapter of Student 
Affiliates in 1947. 

Since its inception a primary objective of the chapter 
has been to recruit all chemistry majors who are suffi- 
ciently advanced in the field to indicate that they will 
eventually enter the chemical profession. Because 
the mediocre as well as the good students are graduated 
as chemists, membership requirements are simply 
completion of one and a half years of chemistry with 
grades satisfactory for graduation. Baylor University 
is operated on the quarter system; thus, a new group 
of prospective members becomes available every three 
months. A membership committee, aided by the fac- 
ulty sponsors, selects the names of students to whom 
formal invitations to membership are extended. The 
processing of these candidates for membership includes 
an indoctrination into the aims of the organization, the 
advantages of membership, and the duties which fall 
on those who join. Several tasks are assigned the incip- 
ient member: he must wear about his neck a plywood 
model of a benzene ring inscribed with the letters ACS. 
He must obtain the signatures of all the members and 
the sponsors on the back of the ring, perform miscel- 
laneous favors in return for the signature, and also sell 
one copy of a chemistry handbook for the benefit of 
the chapter treasury. 

At present the chapter has 27 members. Its officers 
are a president, two vice-presidents, a recording and a 
corresponding secretary, a treasurer, and a reporter, 
who are elected semiannually. With the exception of 
the vice-presidents the duties of these officers are the 
conventional ones. One of the vice-presidents serves 
as the program chairman who is charged with the respon- 
sibility of selecting and contacting speakers and other 
matters of this sort. The other vice-president is in 
charge of arrangements for social functions. 

The chapter holds meetings twice a month regularly, 
but has occasionally called meetings to discuss urgent 
problems. The regular meeting» are organized around 
the basic idea of discussing the various aspects of a 
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chemist’s professional life after graduation from the 
university. One of the topics which is of interest, of 
course, is the prospect of employment, the salary one 
can hope to obtain, possibilities of advancement, the 
amount of satisfaction he can achieve in his position, 
and other items of a similar nature. In order to lead the 
thinking of the group along these lines efforts are made 
to bring in speakers who have had experience in the 
various branches of the chemical profession, to give the 
students firsthand knowledge of what to expect. Some 
of the points which are frequently brought up are the 
effect on an interviewer of the prospective employee's 
attitude, appearance, personality, and so on. Many 
of the students have found a knowledge of these factors 
very helpful when seeking employment. 

Another topic which attracts much student interest 
is a discussion of the actual organization of some of the 
major chemical industries. We have found that this 
aspect is one which is entirely foreign to most students, 
In many cases they have gone into the chemical indus- 
try with no idea at all of what they may be expected to 
do, how much responsibility they may be expected to 
shoulder, or what their relationship to their superiors 
should be. Obviously, this varies from one organization 
to another, but there are certain common factors in 
all of them. 

Still another series of speakers have presented papers 
designed to introduce the students to the fundamental 
thinking of research. In an effort to give a well-rounded 
series of talks speakers in the fields of physics, biology, 
and geology, as well as chemistry, and also in fields out- 
side the sciences, such as economics, have been heard. 
The interest of the students in research is intense, and 
they have been observed to ask some highly penetrating 
questions at times. It is not infrequent, in fact, that 
the speaker carries away some idea of value to the prog- 
ress of his research. 

The program chairman is always confronted with the 
problem of obtaining speakers with a sufficiently wide 
background. Our community is a rapidly growing one, 
but, as vet, it contains relatively little chemical industry 
from which to draw chemists as speakers. To bring 
speakers from a distance is impractical owing to the 
limited funds available. Necessarily, then, most 
speakers must be drawn from the faculty of Baylor 
itself. However, this situation is not as discouraging 
as it might seem, since there is a certain turnover 
faculty personnel which brings in fresh talent. Also 


graduate students are usually glad to review ther 
302 


is litt 
tries, 


resea 
rm 
the 
ih 
with 
ceme 
Or 
Ame 
hs 
nati 
mee’ 
vl 
witl 
offe 
ing 
= 


AT 


IL 


om the 
rest, of 
ary One 
nt, the 
Osition, 
lead the 
made 
in the 
rive the 

Some 
are the 
loyee’s 

Many 
factors 


nterest 
> of the 
at. this 
dents, 
indus- 
cted to 
eted to 
periors 
ization 
tors in 


papers 
mental 
yunded 
iology, 
ds out- 
heard. 
se, and 
rating 
t, that 
prog: 


ith the 
y wide 
ig one, 
dustry 
bring 
to the 


most 
Baylor 
raging 
ver in 
Also 
thew 


AUGUST, 1952 


research problems before the chapter. In addition, 
former students occasionally visit the university and 
they are always willing to relate their experiences for 
the benefit of the students who are about to become 
chemists. 

Another activity of the chapter which is popular 
with the members is that of plant trips. Although there 
is little chemist personnel employed in the local indus- 
tries, there are several interesting operations in the 
vicinity. These include.a glass manufacturing plant, 
a plant engaged in the manufacture of truck and pas- 
senger-car tires, a cottonseed oil mill, a Portland 
cement plant, and several others. 

One of the objectives of the Student Affiliates of the 
American Chemical Society is to introduce the students 
to the parent organization before graduation, so that 
they will be more likely to take an interest in bettering 
the profession by maintaining their membership in the 
national organization and taking part in its affairs. 
To this end the chemistry majors at Baylor are encour- 
aged to go to all local meetings and regional or national 
meetings which are close enough. Although the local 
section rarely meets in this vicinity, there are always a 
few students who are anxious to attend. These stu- 
dents invariably return to the campus much stimulated 
by their experience. The annual Southwest Regional 
Meeting is a high point for the members of the chapter, 
and in some years nearly all of them have attended the 
sessions, made employment contacts, and enjoyed the 
plant trips which are scheduled with these meetings. 
The chapter meetings following these are lively affairs 
with much discussion of the merits or shortcomings of 
the various papers which were heard. 

Although most of its activities are in a more serious 
vein, the group looks forward to the annual banquet as 
an opportunity to become better acquainted with each 
other and their teachers. This social event is com- 
pletely student-run, and the results are highly gratifying. 
In addition to being an occasion of entertainment it 
offers an opportunity for the students to gain experience 
in making the arrangements—a task which calls for 
ingenuity and cooperativeness on the part of all those 
connected with it. The program includes some enter- 
tainment frequently utilizing the hidden talents of some 
of the members, and an after-dinner speech by a visiting 
chemist. The decorations are often constructed with 
great skill and much originality, and usually have some 
chemical motif. 

One area in which our student affiliates have been 
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unusually active is that of special projects. One of 
these which has proved quite successful is the con- 
tinuous cataloguing of industries in the Southwest where 
chemists areemployed. Keeping these files up to date is 
a tremendous task which requires much energy on the 
part of the person charged with this responsibility. 
The tabulation contains descriptive data on the products 
produced by a given company, the name of the person 
in charge of employment of chemists, the address to 
which applications should be sent. In addition to this 
usual information, wherever possible other data are 
recorded, such as the general policies of the company 
with reference to tenure of position, initial salary, and 
rate of promotion, the attitude of the company toward 
graduates of the smaller schools, and the names of other 
Baylor graduates who are employed in the particular 
plant or laboratory. The students have found this 
information helpful in evaluating employment oppor- 
tunities. 

The chapter has also undertaken the responsibility 
of serving as a clearing house for the employment of 
tutors for students who are having difficulty with their 
chemistry courses. This is especially useful for those 
students who are taking chemistry as a science require- 
ment and feel the need for a little private instruction. 

One ambitious project which was undertaken by the 
group was to contribute a sum of money to be used as a 
scholarship to aid a worthy student chosen from the 
graduates of the high schools of the area. The science 
teachers of these schools were consulted and, utilizing 
their recommendations, a student was chosen for this 
award. Although the award was only for one year, this 
student managed to get a start in his college career and 
is continuing his chemical training on his own. 

There have been many obvious advantages associated 
with the formation of the student affiliates group. How- 
ever, there are many intangible assest also. Not the 
least of these is that here in the student group lies the 
opportunity for the students to express their opinions 
as to means for the improvement of thechemistry depart- 
ment. Certainly no one is as quick to notice ineffi- 
ciences in the operation of the department as the stu- 
dents who are the victims of shortages of various items 
of equipment or materials. These observations, tact- 
fully brought to the attention of the chemistry faculty, 
are very useful in taking steps to improve the operation 
of the laboratories. In this way, through the Student 
Affiliates of the American Chemical Society, the stu- 
dents have a part in elevating the level of instruction. 
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stitute the eternal, the unchangeable, the true world; 
is the memory of and cogitation of prenatal 
, and the soul is immortal. The greatest Arabian 
Ibu Raschid Averrhoes (1126-98) taught 
a unity of the speculative intelligence in all men, con- 
sequently “nothing new can arise in nature and under- 
, the eternal can only repeat itself and appear 

at different places.”’ 

Passing from the Middle Ages into the beginning of 
the modern era we find Nicolo Macchiavelli (1469- 
1527) speaking of the “recurrence of all that happens 
as the consequence of the natural uniformity of men.” 
Goethe, who for his optical and botanical investiga- 
tions had made a thorough study of all the available 
source books, including the earliest, resignedly stated 
(1829): “Everything worth while has already been 
thought of, one must only try to think of it again.” 
Or “The thoughts recur, the convictions multiply, 
the conditions are lost irrevocably.” Similarly, Scho- 
penhauer (1788-1860) took as the principal truth of all 
philosophy “that the same is present at all times, all 
becoming and creation is only seeming, ideas alone 
are permanent, time is ideal.’”’ According to him, true 
historical philosophy is the recognition that “man al- 
ways has before him the same, like and unchangeable 
being, which today carries on the same as yesterday 
and forever. . .this identity, which persists under all 
circumstances, makes up the fundamental character- 
istics of the human heart and mind.” Jacob Burck- 
hardt (1818-97) declared: ‘The spirit has mutability 
but not perishability, neither the soul nor the brain of 
man has increased demonstrably in historical times; 
in any case, his abilities were complete long ago.” 
In the same sense, Friedrich Nietzsche (1844-1900) 
defended the thesis of ‘the eternal recurrence of the 
like.” 

Scientists likewise have expressed similar sentiments. 
In his oration at the 25th anniversary (1890) of the 
benzene theory, its brilliant creator, August Kekulé, 
declared: “Nothing absolutely new has ever been 
thought, certainly not in chemistry.... Anyone who 
has studied the history of his science and has made a 
profound study of the classics, can guarantee that no 
science has developed so constantly as chemistry. . 
Our present views do not rest on the ruins of earlier 
theories, as has frequently been supposed. None of 
the earlier theories has been judged to be completely 
wrong by later generations; after being divested of 
certain unlovely flourishes, they all could be placed in 
the later structure and with it form an harmonic whole.” 
These words from one of the principal architects of the 
classical structural chemistry are echoed by one of the 
founders of classical physical chemistry. When Wil- 
helm Ostwald completed his extensive ‘History of 
Electrochemistry” he wrote in the preface: ‘There is 
little actually new, which has not already been 
thought.” About 25 years ago, in a conversation with 


JOURNAL OF CHEMICAL EDUCATION 


Richard Willstatter and Fritz Haber, I expressed my 
joy in the postwar revival of chemical research in 
Germany. They rejoined: “Yes, but who will pro- 
vide us with the new ideas?” Shortly before his 
death, the great physician August Bier (d. 1949) stated 
that medicine, with respect to its art and ethics, hac 
not progressed very much beyond the condition create 
by the Greeks thousands of years ago. Finally, to 

quote the clergyman- -poet Heinrich Wolfgang Seide| 
{d. 1945): “It is questionable whether new ideas arc 
still possible. Instead, there are new mental pictures. 
which arise just as new patterns appear when the kalei- 
doscope is shaken: ideas that have long been presen: 
are combined in unfamiliar ways and hitherto unseen 
golden, blue or red pieces of glass now push themselves 
into the foreground. The pattern lasts until someone 
else shakes the apparatus.” 

This skeptical attitude, extending over thousands of 
years, leads to a clear-cut response, namely: The great 
(culture-producing) ideas are indestructible, through 
recurrence -they are permanently present, ‘and— 
summa summarum—limited and constant. After this 
general inquiry by mentally creative personalities the 
developmental history of several fundamental ideas of 
modern chemistry can be analyzed with particular em- 
phasis on the role of the dualistic principle and the 
recurrence or retention of the basic idea. 


DEVELOPMENT OF BASIC IDEAS OF MODERN 
CHEMISTRY 


Heraclitus taught that “fire” is the primal element; 


from it all has been created, it changes all substances, 
and it constitutes the creative power, 7. e., the soul of all 
things. Fire includes all within itself: substance and 


energy, light and heat. Even the ancients believed 
light to be corpuscular; were not the myriads of light 
particles dancing in the beam entering a darkened room 
plainly visible? In the eighteenth century, it was be- 
lieved that light issued from burning substances as 
phlogiston (Stahl) or as “inflammable matter,” whereas 
Boyle (1661) held that ponderable fiery particles en- 
tered the combustible matter during burning. Around 
1760, Joseph Black treated heat as an uncreatable, 
indestructible material, and this lead was followed in 
1780 by Laplace and Lavoisier in their physical meas- 
urements of heat. Lavoisier (1789) included light and 
heat (as imponderable prime materials) among the 
chemical elements. He applied the ancient _peri- 
patetic axiom of conservation (indestructibility) to the 
material world, and hence implied that light and heat 
are likewise indestructible.‘ 

Similarly, the idea of an ultimate material (the 
hyle of Aristotle) celebrated its rhythmic return. 
This primal element was converted from a thought con- 
cept into a problem of the practical experimental art 


4 As late as the middle of the nineteenth century, heat, light, 
and electricity were extensively mentioned as three imponderable 
elements in Leopold Gmelin’s multivolume “Handbuch der 
Chemie.” Had not Hegel (1770-1831), the philosopher, also 
defined light as ‘‘the immaterial matter’? Likewise, did not 
Sadi Carnot (1824) treat heat as something material? 
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when the alchemists endeavored to achieve the artificial 
production of gold. The procedure was to break down 
the ignoble metals until the prima materia, i. ¢., the 
inost subtle matter, was reached and then, in some way 
or other, to obtain the desired new product, gold, by 
condensation or polymerization. No less a personage 
than Albertus Magnus (11937-1280) was reputed to 
have actually seen gold being formed in the Rhine and 
the Elbe. The art of alchemical gold making, with 
its thesis of a primal matter and transmutation of 
metals, lasted more than 1000 years. It is an im- 
pressive instance of the recurrence, the vitality and the 
power of certain ideas to dominate many minds. De- 
spite their lack of practical success, these alchemical 
ideas nonetheless exerted an influence on theoretical- 
speculative thinking even into the nineteenth century. 
They were revived after their scientific opponent, the 
Democritean atomic theory,’ had experienced a revivi- 
fication and reorganization through John Dalton’s 
historic achievement (1803-08). At the same time, 
it becomes apparent how two contrary mental tend- 
encies can become intertwined and fertilize each other. 
From the deductively derived law of multiple propor- 
tions (for the union of the atoms of different material 
elements in integral proportions), Dalton proceeded 
to the experimental determination of the relative (re- 
ferred to hydrogen = 1) atomic weights; his numerical 
values could be no more than approximate and in addi- 
tion they were rounded off. Consequently, it was an 
anonymous writer (who later turned out to be the 
English physician and natural philosopher William 
Prout) who, en passant, raised the question whether 
this whole number relationship of the atomic weights of 
many elements might not point to hydrogen as the 
ultimate structural material of all elements, somewhat 
in the sense of the ancient theory of the protyle. This 
conjecture gave rise to a theory, which was bolstered up 
by new (inexact) determinations, and Thomas Thomson 
declared (1825) this Proutian hypothesis to be a funda- 
mental law of matter. Moreover, Humphry Davy 
as early as 1812 had suggested that the “undecom- 
posed materials” might consist of hydrogen and a 
principle which as yet is not known in free form. 

“Tdeas are indestructible” (Plato); the ancient 
theory of the compound nature of the elements or 
metals had again come to life. O6cersted (1812) and 
Faraday (1816) had taken it up and discussed it along 
with the Proutian hypothesis and the idea of trans- 
routation. Later, Faraday treated matter or the 
atoms entirely from the viewpoint of forces; for him, 


5 The atomic theory of Democritus was revived in Rome by 
the contemporaries, Titus Lucretius Carus (98-55) in his didac- 
tic poem De rerum natura, and -by -the philosopher-physician 
Asklepiades (first century B.C.), who set up a pore theory which 
embodied a stic-atomic concept of the processes of life 
and disease. At the beginning of the seventeenth century there 
was a revival of the atomic (corpuscular) theory on the basis of 
this pore theory by the physician-chemistry professor Daniel 
Sennert (1618 ff.), then—through philosophy—by Joachim 
Jungius (1642 ff.), Pierre Gassendi (d. 1655), as well as in chemis- 
try by Robert Boyle (1666 ff.) and Nicolas Lemery (1675), and 
in physics by Isaac Newton (1704), etc. 


the atoms were mathematical points from which ema- 
nate forces or in which the directions of forces 
cut across each other. The domain of the atomic 
weights also included the numerous speculations of the 
chemists regarding the nature of the atoms and their 
grouping. Th. Graham, Dumas, Odling, Pettenkofer, 
De Chantcourtois, and Newlands examined and ar- 
ranged the atomic weights of the constantly increasing 
number of elements, convinced of their compound na- 
ture and common origin from a prime material. One 
important result was the discovery of the natural or 
periodic system of the elements by Lothar Meyer and 
Dmitri Mendeleev (1869-70); another was the philo- 
sophical treatment of matter, the genesis of elements, 
etc. During the 1860’s such considerations were much 
in vogue, and C. W. Blomstrand, an adherent of 
Berzelius, protested against this theorizing according 
to which “only a single material exists, that everything 
which is called energy is nothing but a different kind 
of movement of the same medium” (1868). 


A cautious but plausible hypothesis was offered in 
1865 by Kekulé to account for atomic weights which 
certainly were not whole numbers. In opposition to 
the theory, which had been accepted from the time of 
Dalton, that all the atoms of a given element are of the 
same kind and weight, Kekulé suggested “that the 
atoms of a given element are not of the same size’’* 
and therefore in any reaction there might occur a kind 
of “sifting of the atoms.” As is well known, J. J. 
Thomson and also F. W. Aston demonstrated (1920 
ff.) that the natural elements (prime materials) ac- 
tually are such mixtures of isotopes. In fact, since 
1921 the “sifting” has been accomplished by distillation 
(Brénstedt-Hevesy) and by thermodiffusion (Clusius, 
1938 ff.). 


Similarly, Mendeleev in his discussion of the periodic 
system of the elements’ stated concerning this matter of 
the whole number relationship of the atomic weights: 


Even if it is assumed that the matter of the elements is per- 
fectly homogeneous, there is no reason to presuppose that n 
parts by weight of an element of n atoms on changing to an atom 
of a second element will yield n parts by weight of the latter, or 
that the atom of the second element will be n times as heavy as 
the first. The law of the conservation of can be regarded as 
a special case of the law of the conservation of energy or motion. 

The weight will naturally be caused by a special kind of 
motion of matter, and there is no reason to deny the possibility, 
when elementary atoms are being formed, of the conversion of 
this motion into chemical energy or any other form of motion... . 


‘Tf, therefore, a known element should undergo decomposition, or 


a new element should be formed, these phenomena might perhaps 
be accompanied by a decrease or increase of the weight. 


Bold and prophetic words, which were confirmed ex- 
perimentally and speculatively some 30 years later! 
Chronologi+ally the physicists followed this line of 


6 W. Crookes expressed a similar idea when (1886) he advanced 
the possibility of the existence in the element calcium of atoms 
Ca = 39 and 41, or Ca = 38 and 42. Clerk Maxwell (1871) had 
taken the identity of all atoms of an element as being proved, 
since otherwise it should be possible to separate them by diffusion, 
and actual trials had turned out negative. 

7 Menpe D., Ann. Suppl., 7, 206 (1871-72). 
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study. It was William Crookes and his discovery of 
“radiant matter’ which pioneered this movement. 
By 1879 he was able to declare: ‘We have seen that in 
some of its properties, radiant matter is just as material 
as this table, while in other properties it takes on almost 
the character of radiant energy. We have actually 
touched the boundary region where matter and energy 
seem to go over into each other.” This certainly 
means: “Nature, in her responses, adjusts herself to 
the questions and tests we put to her.” 

When J. H. Poynting developed a theory of energy 
flow (1884), he treated electromagnetic energy as 
though it were asubstance; concurrently and similarly, 
L. E. Boltzmann did the same with cavity radiation. 
The problem’ was “‘in the air” ;* it matured in the next 
half-century; and after F. Hasendhrl (1904) had estab- 
lished the proportionality between mass and energy, 
A. Einstein announced his well-known e = mc? rela- 
tionship. Accordingly, mass m and energy e are conver- 
tible into each other. Was not this mutual intercon- 
vertibility demanded by the primary idea of more 
than 2000 years ago, and did not the statement “hen 
to pan’”’ teach that “one is all and all is one”? 

E. Rutherford (1911) and Niels Bohr (1913) provided 
the historical concept of element and atom with a new 
atomic model; there arose the familiar picture with the 
nucleus, which embodied the entire mass of the atom 
(corresponding to the atomic weight) and which con- 
sists of hydrogen atoms packed together (partly as 
positively charged protons, partly as uncharged neu- 
trons) and surrounded by an envelope of negatively 
charged electrons, which revolve in orbits around the 
spatially tiny nucleus, somewhat similar to the cosmic 
planetary system. In addition, spectroscopic studies 
demonstrated that the same elements occur on the sun 
as on the earth, i. e., the same hydrogen serves as the 
structural unit throughout the solar system at least. 
Consequently, there is here a recurrence of the idea of 
primal matter-protyle-hydrogen. The ancient idea 
of the transformation: substance = force (energy). also 
found its imprint in the universe, since the constant 
‘transformation of hydrogen into helium releases energy 
as luminous energy, and new stars (novae) are produced 
through new synthesis and dissociation in this universe- 
laboratory. The ancients spoke of an eternal “flux,” 
“creation and decay’”—did they not see the image of 
the macrocosm in the microcosm? What occurs in the 
universe has its reflection in the atom, and the modern 
astrophysicists “‘are terrified at the greatest cosmologi- 
cal vision,” namely that “the universe in its greatness 
and structure is already typified ‘in the atom” (Wald- 
meier, 1947). Did not the ancients envisage the unity 
and the totality of the all? Nicolaus Cusanus (d. 1464) 
taught the uninterrupted connection between all things 
in the world, in that the whole is in the individual, 


8 As early as 1878, Fr. Zéllner had made a calculation of the 
internal electrical energy of matter: the energy in 1 g. HO 
would correspond to a quantity of motion equal to that imparted 
to a projectile weighing 520 kg. by 16.7 kg. of gun powder. 

® Shortly before his death (1891), Helmholtz also chose as the 
subject of a lecture “Specious substances and enduring motions.’ 
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the individual in the whole, all is in all. Consider the 
vision of Giordano Bruno (d. 1600). His divination 
gave him a view far into the infinities of space and time. 
In the tiny monads he saw this same coalescence and 
extent of coexistence of opposites as in the universe; 
he saw how the greatest is reflected in the smallest, 
how the individual strives toward the whole; the whole, 
however, shapes itself as its own keeper. In the end- 
less universe there is no middle point, no rest; every- 
thing in nature is involved in eternal motion, change, 
decomposition, renewal. Does not this vision contain 
a preview of the world picture which has been brought 
forth once more in modern astrophysics and clothed 
in precise mathematical garments? 

What of the question of mass numbers and forms in 
the universe? The mystic philosopher and mathema- 
tician Pythagoras (fifth century B.c.) taught: ‘“Num- 
ber and mass constitute the essence of the universe.” 
Plato assigned the cube, tetrahedron, octahedron, etc., 
to the four elements, and according to Aristotle the 
substance was made real only through its form. Gali- 
leo (1564-1642) declared: “the letters in the book of 
nature are called triangles, squares, circles, spheres.” 
And now, a leading physicist (W. Heisenberg) wrote 
recently: “The harmonies of the Pythagoreans, which 
Kepler still believed he could find in the orbits of the 
heavenly bodies, have since the days of Newton been 
sought by science in the mathematical structure of the 
dyanmic event, in the equation formulating this law.” 
Ever since the multiformed atoms of Democritus and 
their revival by Dalton (1803 ff.) “mass, number, aud 
weight” have been incorporated into chemistry. Ste- 
reochemistry operates with the carbon tetrahedron 
(van’t Hoff, 1874), the octahedron (A. Werner, 1913); 
the cube has been used as the most favorable arrange- 
ment of eight electrons in the atom (G. N. Lewis, 1923). 
The wide distribution of the crystalline condition, even 
in the organic compounds of natural materials, was 
detected by means of X-rays; “the physics of crystals 
has been transformed into a crystal stereochemistry. .. 
to which ntust be adapted the representation of the 
molecular stereochemistry in the whole field of formula 
chemistry” (P. Niggli, 1949). This shape problem 
plays a part also in macro-molecular structures (plas- 
tics) and likewise “the chemistry of the living cell is a 
form and space chemistry’”’ (H. Staudinger, 1950). 

A further problem concerns the ‘animation of matter.” 
After Empedocles ascribed the creation and decay of 
substances to the action of hate and love, 7. e., to psy- 
chical powers, and Democritus endowed his atoms with 
a soul, the idea of a world soul or a world inspiration 
occupied the philosophers of the succeeding centuries. 
Among these were: Agrippa von Nettesheim, Paracel- 
sus, Giordano Bruno, Kepler, Leibniz, Goethe, Schel- 
ling, Fechner, etc. Leibniz animated his monads and 
declared: “All nature is full of life.... Therefore, 
nothing is inanimate, unfruitful, nothing in the universe 
is dead.” Modern chemistry includes “the theory of 
affinities” among its main chapters. In_ biological 
action, the crystallizable ferment (enzyme) as well as 
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the living cell is distinguished by a “selective specific- 
ity” toward optical antipodes; some speak of a “mem- 
ory of organic matter” (E. Hering) or of an “ente- 
lechy” (H. Driesch). Modern atomic physicists find 
themselves constrained to declare that “the photons, 
which make up the light ray, behave like intelligent 
beings” (M. Planck, 1938), or that the electrons pos- 
sess “spiritual qualities,” or that there is a “protein life” 
(P. Jordan, 1947). Those who study catalysts speak 
of the “power of solid material to remember” (Hiittig, 
1944) and scientific technologists emphasize “fatigue” 
of metals or the “fatigue characteristics” and the 
“aging” of rubber (Konrad, 1950), etc. Thus the 
ideas recur. 


CONCLUSION 


In the intellectual world it is by no means true that 
the most recent is new and that the old is obsolete; 
the robe of the modern natural philosopher conceals 
the chiton of the ancient thinker. 

(1) The biological likeness of men is accompanied 
by a similarity in,their mental-spiritual characteristics 
(intellectual horizon, breadth of imagination, depth 
of perception, etc.) There follows a certain uniformity 
in the formation of scientific ideas, which (because of 
the biological parallelism of development and the 


-tendency to self-preservation) likewise prefers a state 


of continuation. Plato believed the production of 
ideas to consist quite generally of “recollection” or 
“meditation,” and Goethe’s explanation was: ‘“Ex- 
perience can extend itself endlessly, but theory cannot 
purify itself and become more perfect in the mind. The 


universe stands open on all sides to the former, but the 
latter is inclosed within the bounds of human abilities. 
Therefore, all types of presentation must recur.” 

(2) The innate “basic” ideas derived from a prioris- 
tic knowledge are especially governed by the persist- 
ence (conservation) law; as the fundaments of the 
natural-philosophical world picture they are “eternal” 
in the Platonic sense. 

(3) Temporal rhythmic pendulation—recurrence 
and ¢ f the opposing ideas occurs according 
to the drift of the times and the directions of thought. 

(4) The temporal progress of research in connection 
with the change in the dualistic basic ideas manifests 
itself essentially in the new ways in which the problems 
are put, which—in the Goethian sense—lead to new 
experiences and applications; the fundamental ideas 
are hereby subjected to certain adaptations, extensions, 
new interpretations, relation to new facts, concepts, 
ete. 

(5) Because the constitution of the human mind 
is controlled by its very nature, and as a result of the 
inherited (dualistically oriented) method of putting 
questions to nature, certain limits seem to be imposed 
on the creation of new basic ideas. 

(6) However, apart from the tradition-bound 
mental creativeness, special coincidences may result 
in the discovery of something absolutely new in the way 
of fundamental ideas and facts. 


10The remark at the presentation of the Nobel Prize for 
Physics in 1939 is characteristic: ‘The progress of science is the 
progress of the instruments, and the advance to giant instruments 
is only a question of money.” 


The lively interest being shown at the present time in that 
simplest of living creatures—chlorella, a member of the algae 
family of unicellular fresh water plants—brings yet one day closer 
the time when we could all be carrying our meals around in small 
paper packets and taking a few tablets every four hours. This 
betrayal of the palate is taking place through the agency of what 
our forefathers in their rugged and unenlightened way would 
have called “pond scum.” The bane of a nanny’s life when her 
charge insisted on paddling in muddy woodside pools has been 
raised in status from something to be scrubbed off as quickly as 
possible to a ‘“‘rich source of food containing 45-50 per cent pro- 
tein, 15-20 per cant fats and 20 per cent carbohydrates.” Nanny 
would have been very surprised. Candidly, the prospect of 
living forever on bread smeared with a thin layer of yeast-like 
stodge—rather like a railway meat paste sandwich, one imagines 
—is about as exciting as last week’s suet pudding. The news 


that scientists have not only managed to exist for a week on 
this panacea, but actually felt ‘“‘as though they had had a 
good meal’ after each dose, gives rise to grave disquiet, 
not to say alarm. What will happen to the delicacies of 
the table, the roast Scotch sirloin, the lobster mayonnaise, the 
asparagus and strawberries, the omelettes “Espagnoles, and even 
the plain fish and chips if all these are to be replaced by two thin 
slices of bread and a communal trough of algae? The conse- 
quences of such an act do not bear thinking about. If the armies 
of the future are going to get algae for breakfast, dinner and tea, 
it is even odds that they will face the enemy after their marches 
with greater enthusiasm than they face their meals. There is 
only one foreseeable advantage for this new diet—guests will be 
able to sleep in the kitchen.—The Chemical Age, November 24 
1951. 
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THE CHAPTER OF STUDENT AFFILIATES AT 
BAYLOR UNIVERSITY 


Forseveral years chemistry clubs have existed intermit- 
tently at Baylor University, but as the enthusiasm 
of each group of students who formed the club waned, 
the organization withered away because there was no 
strong organization to give it continuity from one school 
year to the next. However,’ with the establishment 
of the national organization of student affiliates by the 
American Chemical Society sufficient impetus was given 
to a club to maintain its organization year after year. 
With high hopes Baylor initiated its chapter of Student 
Affiliates in 1947. 

Since its inception a primary objective of the chapter 
has been to recruit all chemistry majors who are suffi- 
ciently advanced in the field to indicate that they will 
eventually enter the chemical profession. Because 
the mediocre as well as the good students are graduated 
as chemists, membership requirements are simply 
completion of one and a half years of chemistry with 
grades satisfactory for graduation. Baylor University 
is operated on the quarter system; thus, a new group 
of prospective members becomes available every three 
months. A membership committee, aided by the fac- 
ulty sponsors, selects the names of students to whom 
formal invitations to membership are extended. The 
processing of these candidates for membership includes 
an indoctrination into the aims of the organization, the 
advantages of membership, and the duties which fall 
on those who join. Several tasks are assigned the incip- 
ient member: he must wear about his neck a plywood 
model of a benzene ring inscribed with the letters ACS. 
He must obtain the signatures of all the members and 
the sponsors on the back of the ring, perform miscel- 
laneous favors in return for the signature, and also sell 
one copy of a chemistry handbook for the benefit of 
the chapter treasury. 

At present the chapter has 27 members. Its officers 
are a president, two vice-presidents, a recording and a 
corresponding secretary, a treasurer, and a reporter, 
who are elected semiannually. With the exception of 
the vice-presidents the duties of these officers are. the 
conventional ones. One of the vice-presidents serves 
as the program chairman who is charged with the respon- 
sibility of selecting and contacting speakers and other 
matters of this sort. The other vice-president is in 

_charge of arrangements for social functions. 

The chapter holds meetings twice a month regularly, 
but has occasionally called meetings to discuss urgent 
problems. The regular meetings are organized around 
the basic idea of discussing the various aspects of a 


TRANTHAM AND VIRGIL L. 


Baylor University, Waco, Texas 


chemist’s professional life after graduation from the 
university. One of the topics which is of interest, of 
course, is the prospect of employment, the salary one 
can hope to obtain, possibilities of advancement, the 
amount of satisfaction he can achieve in his position, 
and other items of a similar nature. In order to lead the 
thinking of the group along these lines efforts are made 
to bring in speakers who have had experience in the 
various branches of the chemical profession, to give the 
students firsthand knowledge of what to expect. Some 
of the points which are frequently brought up are the 
effect on an interviewer of the prospective employee’s 
attitude, appearance, personality, and so on. Many 
of the students have found a knowledge of these factors 
very helpful when seeking employment. 

Another topic which attracts much student interest 
is a discussion of the actual organization of some of the 
major chemical industries. We have found that this 
aspect is one which is entirely foreign to most students. 
In many cases they have gone into the chemical indus- 
try with no idea at all of what they may be expected to 
do, how much responsibility they may be expected to 
shoulder, or what their relationship to their superiors 
should be. Obviously, this varies from one orgznization 
to another, but there are certain common factors in 
all of them. 

Still another series of speakers have presented papers 
designed to introduce the students to the fundamental 
thinking of research. In an effort to give a well-rounded 
series of talks speakers in the fields of physics, biology, 
and geology, as well as chemistry, and also in fields out- 
side the sciences, such as economics, have been heard. 
The interest of the students in research is intense, and 
they have been observed to ask some highly penetrating 
questions at times. It is not infrequent, in fact, that 
the speaker carries away some idea of value to the prog- 
ress of his research. 

The program chairman is always confronted with the 
problem of obtaining speakers with a sufficiently wide 
background. Our community is a rapidly growing one, 
but, as yet, it contains relatively little chemical industry 
from which to draw chemists as speakers. To bring 
speakers from a distance is impractical owing to the 
limited funds available. Necessarily, then, most 
speakers must be drawn from the faculty of Baylor 
itself. However, this situation is not as discouraging 
as it might seem, since there is a certain turnover in 
faculty personnel which brings in fresh talent. Also, 
graduate students are usually glad to review their 
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research problems before the chapter. In addition, 
former students occasionally visit the university and 
they are always willing to relate their experiences for 
the benefit of the students who are about to become 
chemists. 

Another activity of the chapter which is popular 
with the members is that of plant trips. Although there 
is little chemist personnel employed in the local indus- 
tries, there are several interesting operations in the 
vicinity. These include a glass manufacturing plant, 
a plant engaged in the manufacture of truck and pas- 
senger-car tires, a cottonseed oil mill, a Portland 
cement plant, and several others. 

One of the objectives of the Student Affiliates of the 
American Chemical Society is to introduce the students 
to the parent organization before graduation, so that 
they will be more likely to take an interest in bettering 
the profession by maintaining their membership in the 
national organization and taking part in its affairs. 
To this end the chemistry majors at Baylor are encour- 
aged to go to all local meetings and regional or national 
meetings which are close enough. Although the local 
section rarely meets in this vicinity, there are always a 
few students who are anxious to attend. These stu- 
dents invariably return to the campus much stimulated 
by their experience. The annual Southwest Regional 
Meeting is a high point for the members of the chapter, 
and in some years nearly all of them have attended the 
sessions, made employment contacts, and enjoyed the 
plant trips which are scheduled with these meetings. 
The chapter meetings following these are lively affairs 
with much discussion of the merits or shortcomings of 
the various papers which were heard. 

Although most of its activities are in a more serious 
vein, the group looks forward to the annual banquet as 
an opportunity to become better acquainted with each 
other and their teachers. This social event is com- 
pletely student-run, and the results are highly gratifying. 
In addition to being an occasion of entertainment it 
offers an opportunity for the students to gain experience 
in making the arrangements—a task which calls for 
ingenuity and cooperativeness on the part of all those 
connected with it. The program includes some enter- 


tainment frequently utilizing the hidden talents of some 
of the members, and an after-dinner speech by a visiting 
chemist. The decorations are often constructed with 
great skill and much originality, and usually have some 
chemical motif. 

One area in which our student affiliates have been 


unusually active is that of special projects. One of 
these which has proved quite successful is the con- 
tinuous cataloguing of industries in the Southwest where 
chemists areemployed. Keeping these files up to date is 
a tremendous task which requires much energy on the 
part of the person charged with this responsibility. 
The tabulation contains descriptive data on the products 
produced by a given company, the name of the person 
in charge of employment of chemists, the address to 
which applications should be sent. In addition to this 
usual information, wherever possible other data are 
recorded, such as the general policies of the company 
with reference to tenure of position, initial salary, and 
rate of promotion, the attitude of the company toward 
graduates of the smaller schools, and the names of other 
Baylor graduates who are employed in the particular 
plant or laboratory. The students have found this 
information helpful in evaluating employment oppor- 
tunities. 

The chapter has also undertaken the responsibility 
of serving as a clearing house for the employment of 
tutors for students who are having difficulty with their 
chemistry courses. This is especially useful for those 
students who are taking chemistry as a science require- 
ment and feel the need for a little private instruction. 

One ambitious project which was undertaken by the 
group was to contribute a sum of money to be used as a 
scholarship to aid a worthy student chosen from the 
graduates of the high schools of the area. The science 
teachers of these schools were consulted and, utilizing 
their recommendations, a student was chosen for this 
award. Although the award was only for one year, this 
student managed to get a start in his college career and 
is continuing his chemical training on his own. 

There have been many obvious advantages associated 
with the formation of the student affiliates group. How- 
ever, there are many intangible assest also. Not the 
least of these is that here in the student group lies the 
opportunity for the students to express their opinions 
as to means for the improvement of thechemistry depart- 
ment. - Certainly no one is as quick to notice ineffi- 
ciences in the operation of the department as the stu- 
dents who are the victims of shortages of various items 
of equipment or materials. These gbservations, tact- 
fully brought to the attention of the chemistry faculty, 
are very useful in taking steps to improve the operation 
of the laboratories. In this way, through the Student 
Affiliates of the American Chemical Society, the stu- 
dents have a part in elevating the level of instruction. 
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CAN MICROCARDS SOLVE THE CHEMIST’S 
LITERATURE PROBLEM? 


Tue functions of Beilstein’s “Handbuch” may be 
summarized as follows: first, to present in a single, 
integrated source all of the experimental data for 
every organic compound, comprehensively, complete 
with appropriate references for authority; and second, 
to organize the order of treatment of compounds and 
the order of presentation of data for any compound in 
such a logical and systematic way as to make the com- 
plete system self-indexing for compounds and data with 
a unique position in the text for each compound and 
piece of information. 

A fair evaluation of the success of Beilstein can be 
made by inquiring as to the extent to which these 
elementary and unsophisticated functions have been 
fulfilled. It is not difficult to see that in all of the above 
functions except integration Beilstein has been success- 
ful. From the time it became evident that it was 
financially impractical to reset a fifth edition and 
necessary to issue instead decennial supplements, Beil- 
stein began losing the value of the function of integra- 
tion. This function can only continue to degenerate 
as long as the present publishing policy continues. 
Furthermore, it is becoming increasingly evident that 
other weaknesses of Beilstein are assuming alarming 
proportions. 

First, the publication schedule, although it is being 
improved, is still losing ground to the rising flood of 
chemical literature and costs. Here we are in 1952, 
awaiting sections of Beilstein applicable to January, 
1920. Second, the present form of Beilstein is com- 
pletely unsuited to machine searches. Third, Beilstein 
has become such a huge, expensive publication, that 
only large teclinical libraries can afford to subscribe to 
it. As Dyson has pointed out,! the present $194 micro- 
card edition of Beilstein is a morally and financially 
dishonest solution. 

Aside from these major arguments, a number of lesser 
defects can be criticized. First, an element of inflexi- 
bility exists in Beilstein policy just because it does oper- 
ate on the supplement system. This is because changes 
in policy can only be made by the unit of the supple- 
ment. Further, these changes cannot be very radical 
or extensive lest, by evolution, the system employed in, 
say, the fifth supplement become an unrecognizable 


descendant of that used in the fourth edition and neces- . 


sitate a working knowledge on the part of the user of 
two or more distinct systems. Thus, even though 
the particular organization of data and sequence of 
compounds in Beilstein may not be considered ideal, 


1 J. Cuem. Epuc., 29, 102 (1952). 


SIDNEY KASMAN 
Science Service, Ottawa, Canada 


the scheme has been frozen for all time, essentially as 
it stands in the fourth edition. 

Having thus enumerated the functions and failings 
of Beilstein, the question is raised as to whether in 
some way the conventional functions of Beilstein can 
be extended for greater utility, while the present short- 
comings are at the same time eliminated. The author 
suggests that properly used, microcard publication’ 
provides an answer to the publishing problem created 
by the great efflorescence of organic chemical literature. 
This suggestion is enlarged upon below. 


The great reduction in bulk (about 90 pages of 9 x 
10 in. toa3 X 5 in. card) afferded by microcards confers 
certain advantages. It allows the cheapest and most 
compact form of publication, with all the advantages of 
expendability, flexibility, and ease and cheapness of 
storage implied by these features.* 

Consider, as an illustration, what the commercially 
sound price of Beilstein might have been if microcards 
had been used to publish the fourth edition and first 
supplement without any other changes. Dyson (ref. 1) 
has estimated a division of Beilstein publishing costs 
which is accurate enough for discussion purposes. 


Paper and binding 
Distribution and profit 


Selling price 


If we accept the cost of the script as irreducible we come 
to the single largest item, setting. There is no good 
reason why chemists should be saddled with the cost of 
a hand process essentially that used by. Gutenberg. 
If the original script were prepared in typed form in 
conformity with a prearranged format, then setting 
could be entirely eliminated as an operation contrib- 


uting to the cost of the product. The last three items 
can be lumped together and compared with the selling 
price of the present microcard Beilstein; the price of 
$194 represents the exact commercial counterpart of 
these items. Thus we see that a nonprofit organiza- 


? For a more complete discussion of microcards see:...RIDER, 
Fremont, “The Scholar and the Future of the Research Library,”’ 
Hadham Press, New York, 1944. 

3 A progressive organization such as the American Chemical 
Society might consider introducing the service of supplying sub- 
scribers with additiona! and optional microcard editions 30 that 
the original bulky journals could be discarded after their topical 
value had vanished. 
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tion could have published and sold a microcard Beilstein 
for something less that $700, the cost of setting alone! 
But, knowing 4s we do that Beilstein at $700 would 
have a greater market than at $2200 the unit cost of 
the script would be even less, and conceivably the price 
might have been as low as $500 on a financially sound 
basis. 

Reductions in price and bulk alone, however, are 
only two of the advantages to be gained by the use of 
microcards. These advantages are treated briefly in 
the following order: retention of integrated form, 
promptness of publication, machine and hand searching, 
flexibility of system, and flexibility of policy. 

Retention of Integrated Form. This vexing problem 
can be solved in a way that is peculiarly suited to 
photographic reproduction. The method contemplated 
is an adaptation of the continuous inventory principle. 
The author believes that by properly assigning the 
content of the individual typescript pages new informa- 
tion can be appended in chronological order. Thus on 
the physical-properties page of a compound, the first 
five lines may be filled with data on boiling point, den- 
sity, viscosity, etc., complete with references. In 
order to fill the photographic frame, the next typescript 
page is everlapped on the blank space of the previous 
page and so on. When the _physical-properties 
page finally becomes filled with chronologically entered 
data the data are broken down into such major divisions 
as the data demand. Thus all the vapor pressure data 
may be collected and entered chronologically on a fresh 
typescript page. Thereafter, all new vapor pressure 
data on the compound are appended chronologically 
to this sheet. 

Promptness of Publication. It is evident that in such 
a system “publication date” for a group of compounds 
is no more nor less than the date chosen to photograph 
the information already available. Each microcard 
might carry the date of the most recent Chemical 
Abstracts compound index that is fully covered. 

Machine Searching. The compact form of a micro- 
card permits that the actual printed material occupy 
a part of a keysort or punched card and allow space for 
any desired scheme of punch or photographic coding 
found to be suitable for machine handling. An example 
of this combination of microcards with machine methods 
has been published recently.‘ 

Hand Searching. This would be the commonest 
use of the cards. Each card would have, in ordinary- 
size print, the code symbols for the first and the last 
compound on the card in the upper corners and a number 
characteristic of the card itself. 

Flexibility of System. The storage of information on 
typescript pages permits the constant correction of 


Wiiurams, T. J., anp A. Rose, J. Caem. Epvc., 29, 146-7 
(1952). 


Gaia’ 


errors and omissions right in the text. It also permits 
radical changes in the classifications system anywhere 
above the level of the single type script page! By using 
separate typescript pages for each main section on a 
compound, it becomes possible to omit or include certain 
peripheral topics such as Biological Activity or other 
subjects which may arise from time to time without 
prejudicing any of the other advantages of the general 
scheme. 

Flexibility of Policy. Using the same typescript, 
two editions might be published. In one, the informa- 
tion might be arranged around the Beilstein type of 
functional group stem nucleus compound; in the other, 
compounds having the same central carbon skeleton 
might be grouped under hydrocarbon stem nucleus 
compounds. Other groupings of special interest will 
occur to the reader. 

The publishing technique suggested above for Beil- 
stein is also applicable to other scientific compendia 
whose value derives to a marked extent from cumulation 
and integration. Of specific interest to chemists we 
have, for example, the subject indexes of Chemical 
Abstracts. These are at present compiled on cards, 
with one subject heading per card. The cards are then 
arranged in the proper formal order for publication, 
first as annual and then as decennial indexes. It is plain 
to see that each card in the original index corresponds to 
an aforementioned typescript page. Each index card 
bears a subject heading and one or more Abstracts 
references. Since each reference is a number and since 
the numbers are listed in numerical order under each 
subject heading, we see that the Chemical Abstracts 
subject index is especially suited to the publishing 
technique described above for a constantly expanding 
text. 

Aside from the obvious reduction in bulk from the 
printed page to microcards there would accrue the large 
reduction in text (about 50 per cent) brought about by 
the single use of subject headings compared with the 
repetition necessary in each annual and decennial 
index. 

We see that it becomes practical to have only two 
accumulating and integrating indexes: a “grand” 
index and an “interim” index. *Individual tenths 
of the latter could be accumulated and integrated 
annually for periods of say ten years whereupon they 
could be integrated into the “grand” index. The 
“grand” index itself could be issued in annual tenths 
so that an establishment of fairly constant size could 
handle the uniform annual load. 

The application of the above publishing technique 
to other suitable reference works would follow a similar 
pattern. The benefits to be gained through the quicker, 
surer, and easier use of the literature are potentially 
enormous. 
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ABSTRACTING AND INDEXING PERIODICALS 
OF CHEMICAL INTEREST PUBLISHED IN THE 


UNITED STATES’ 


Asssrractine and indexing periodicals attempts to 
compress the maximum of information into the mini- 
mum of space, and, to this end, employ compact forms 
of expression and specialized symbols and abbrevia- 
tions. The difficulties of reading the terse phraseology 
of such material are compounded if the abstracts are 
written in a language foreign to the reader. In at- 
tempting to find an abstracting service covering any 
particular subject, therefore, it is usually desirable to 
be able to check first on the existence of such a service 
in one’s native language. 
_ English-speaking scientists have available a list of 
almost all scientific abstracting services in the English 
language published outside the United States. This 
guide, “‘A List of Periodicals and Bulletins Containing 
Abstracts Published in Great Britain, with Appendix 
Giving Partial List of Journals Containing Abstracts 
Published in the British Commonwealth’? was issued 
by the Royal Society in 1950. Gray and Bray have 
published a comprehensive list of physics abstract- 
ing and indexing services covering publications in 
all languages.* A study of abstracting and indexing 
services in the biological and medical fields is presently 
under way at Johns Hopkins University, although 
this project has not as yet resulted in the publication 
of a directory of such services. 

The list presented in this paper covers abstracting 
and indexing services of a third major field of science— 
chemistry. This list of the abstracting services of 
chemical interest published in the United States, used 
in conjunction with the British list referred to above, 
provides a means for easily checking the existence 
of an English-language abstracting service covering any 
particular aspect of chemistry. Because of the re- 
cent publication of the Gray and Bray list, abstracting 
periodicals which may be considered as primarily of 
physics interest have been excluded. Engineering, 
biology, and medicine are represented only by a few 


} Presented at the 199th Meeting of the American Chemical 
Society, Boston, April, 1951. 

2“A List of Periodicals and Bulletins Containing Abstracts 
Published in Great Britain, with Appendix Giving Partial List of 
Journals Containing Abstracts Published in the British Common- 
wealth,” 2nd ed., prepared under the supervision of the Abstract- 
ing Services Consultative Committee, issued by the Royal So- 
ciety, and published for it by the Cambridge University Press, 
Aug., 1950. 

3 Gray AND Bray, Am. J. Phys., 18, 274-99 (1950); also 
available from the Office of Technical Services as PB 99951. 


LORNA F. LEDERMAN 
Monsanto Chemical Company, Dayton, Ohio 


of the more important services, and by some of more 
pronounced chemical interest. The major portion of 
the remaining technical journals included relate to 
applied chemistry, since “pure” chemistry is covered 
so thoroughly by Chemical Abstracts that this journal 
has no close competitor on this continent. In addition 
to technical abstracting services, the list also includes 
a number of abstracting and indexing services grouped 
under the heading, ‘General.” The latter services 
are those which index material ignored by the technical 
abstracting services, e. g., popularizations of science 
and scientific news, and those which index compre- 
hensively material only selectively indexed by technical 
abstracting services, e. g., patents, books, etc. 

In each entry, the title of the journal is given, 
followed by the word “Dept.” if the abstracting service 
forms only part of the journal in which it appears. 
In such cases, the name of the department or depart- 
ments containing abstracts is given next, in paren- 
theses. A statement of the type of material abstracted, 
emphasizing chemical interest, follows, succeeded by 
indications of the type of abstract, frequency, size 
(number of entries per year), and price. 

The price given is the subscription cost for the journal 
mailed to an address in the United States for a single 
year; subscription costs for several years or for mul- 
tiple copies to a single address may be less expensive 
per copy. If a journal is both sold on subscription 
and distributed gratis under certain conditions, only 
the subscription cost is indicated. Because of the 
brevity of the entries, it is recommended that the 
publisher be consulted for complete subscription in- 
formation on any particular journal; conditions for 
obtaining journals which have limited gratis distri- 
bution or for those sold on a “service” basis must be 
obtained from the publisher. 

Each entry is concluded by the name and address 
of thé .publisher. In cases where the organization 
respons for a publication -is different; from the 
publisher both are given; inquiries regarding sub- 
scriptions in these cases should be addressed to the 
publisher, whose name follows the word, “Address.” 

The entries in the present list have been checked 
with the publishers wherever possible, although the 
writer assumes editorial responsibility for changes and 
abbreviations made in coordinating the content 
of the entries for publication. 

Abbreviations used are: Select., selective; Comp., 
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comprehensive; Pubs., publications; Abstr., abstracts; 
indic., indicative; info., informative; T., titles; D., 
daily; W., weekly; F., fortnightly; M. tan rin Q., 
quarterly; A., annually; Irreg., irregular; , lim- 
ited distribution. 

In order to group similar abstract services together, 
the listings are roughly classified under the following 
headings: 
Agriculture 


Beverages and brewing 
Biology 


Leather 
Medicine and pharmacology 
Metals and 


Ceramics and glass Miscellaneous 
Chemistry, general Paint 

Dyes Paper 

Engineering Petroleum 

Foods and nutrition Photography 

Gas and fuel; asphalt Polymers and plastics 
General Rubber 

General: books Soap, oils, and fats 
General: theses Textiles 

Genera]: literature Water and sewage 


Titles of journals and organizations, other than com- 
mercial publishers, responsible for the publication of 
the journals, are indexed at the end of the list. 


List of Abstracting and Indexing Services 
(1) AGRICULTURE 


Agricultural Chemicals. Dept. (Industry Patents) Select. for 
U. S. patents on biocides. Indic. M. 100. $3. Industry 
Publications, Inc., 175 Fifth Ave., New York 1, N. Y. 

Agricultural Engineering. Dept. (New Bulletins) Select. for 
agricultural engineering bulletins. Indic. M. 180. $4. 
American Society of Agricultural Engineers, St. Joseph, Mich. 

Agricultural Index. Comp. for agriculture. T. M. 14,000. 
Service. H. W. Wilson Co., 950 University Ave., New York 
52, N. Y. 

Agricultural News Letter. Select. for new agricultural] develop- 
ments from the du Pont Co. Indic.-Info. Bi-M. 100. 
Lim. free. E. I. du Pont de Nemours & Co., Inc., Publ. Rel. 
Dept., Wilmington, Del. 

Better Crops with Plant Food. Dept. (Reviews) Comp. for 
pubs. of the U. 8. Dept. of Agriculture, state experiment sta- 
tions and Canada on soils, crops, fertilizers. T. M. 700. 
$1. American Potash Institute, Inc., 1102 Sixteenth St., 
N. W., Washington 6, D. C. 

Bibliography of Agriculture. Comp. for agriculture and related 
sciences. T. M. 85,000. $6. U..S. Dept. of Agriculture 
Library. Address: Superintendent of Documents, Washington 
25, D. C. 

Economic Botany. Dept. (Utilization Abstracts) Select. for 
uses of plants and plant products. Info. Q. 80. $6. New 
York Botanical Garden, New York 58, N. Y. 

Pest Control. Dept. (Patents Relating to Pest Control) 
Select. for insecticides and pest control equipment. Indic. 
M. 200. $4. Trade Magazines, Inc., 1900 Euclid Bldg., 
Cleveland 15, Ohio. 

What’s New in Crops and Soils. Dept. (New Publications) 
Select. for U. S. state and government bulletins on farm crops 
and soilmanagement. T. Qtimes/yr. 500. $3. American 
Society of Agronomy, 2702 Monroe St., Madison 5, Wis. 


(2) BEVERAGES AND BREWING 


American Brewer. Dept. (Review of Current Literature) 
Select. for brewing and related subjects. Info. M. 40. $3. 
American Brewer, 202 E. 44th St., New York 17, N. Y. 

Brewers Digest. Dept. (Abstracts) Select. for brewing. Info. 
M. 150. $3. Siebel Publishing Co., 747 W. Jackson Blvd., 
Chicago 6, Ill. 

Modern Brewery Age. Dept. 


(Gleanings from the Laboratories) 


Select. for brewing. Info. M. 100. $3. Brewery Age 
Publishing Co., 20 E. Huron St., Chicago 11, Il. 

Wallerstein Laboratories Communications. Dept. (Abstracts) 
Comp. for chemistry and biology of brewing; yeast. Indic.- 
Info. Q. 300. Lim. free. Wallerstein Laboratories, 180 
Madison Ave., New York, N. Y. 


(3) BIOLOGY 


Biological Abstracts. Comp. for biology, experimental medicine 
and agriculture. Issued in complete ed. and in 9 sections, 
available separately: General Biology; Basic Medical Sci- 
ences; Microbiology; Immunology and Parasitology; Plant Sci- 
ences; Animal Sciences; Animal Production and Veterinary 
Science; Food and Nutrition Research; Human Biology; 
Cereals and Cereal Products. Info. M. 38,000. $50 (indi- 
vidual] sections $5-9). Biological Abstracts, 3815 Walnut St., 
Philadelphia 4, Pa. 

Stain Technology. Dept. (Laboratory Hints) Select. in inter- 
est of stain technologists. Info. Bi-M. 80. $4.50. Bio- 
logical Stain Commission. Address: Biotech Publications, 
Geneva, N. Y. 


(4 CERAMICS AND GLASS 


Glass Industry. Depts. (Inventions and Inventors. Research 
Digest) Select. for glass technology. Info. M. 300. $4. 
Ogden Publishing Co., 55 W. 42nd St., New York 36, N. Y. 

Journal of the American Ceramic Society. Dept. (Ceramic 
Abstracts) Comp. for ceramics. Indic.-Info. M. 2700. 
$20. American Ceramic Society, 2525 N. High St., Columbus 
2, Ohio. 

National Glass Budget. Dept. (Patents Granted) Comp. for 
U. S. patents on glass and glassmaking. Indic. W. 1350. 
$4. A. W. Kimes, 541 Wood St., Pittsburgh 22, Pa. 

Telescoping the Technical News. Comp. for glass. Indic.-Info. 
F. 2000. Lim. free. Glass Division Research Library, 
Pittsburgh Plate Glass Co., Creighton, Pa. 


(5) CHEMISTRY, GENERAL 


Chemical Abstracts. Comp. for new chemical info. Info. 
Semi-M. 60,000. $60 (to non-members). American Chem- 
ical Society, 1155 16th St., N. W., Washington 6, D. C. 


(6) DYES 


American Dyestuff Reporter. Depts. (Abstracts. Patent Di- 
gest) Abstrs. select. for textiles; patents comp. for dyeing 
and printing. Info. F. 800. $5. Howes Publishing Co., 
Inc., 44 E, 23rd St., New York 10, N. Y. 


(7) ENGINEERING 


Engineering Index. Comp. for technica] aspects of engineering. 
Indic. D., W. (on cards), and A. 25,000. $60 (for ann. 
vol.; serv. basis for cards in select. fields). Engineering 
Index, Inc., 29 W. 39th St., New York 18, N. Y. 

Engineer’s Digest. Select. for engineering. Indic.-Info. M. 
250. $7.50. Engineer’s Digest Pubs. Inc., 366 Madison 
Ave., New York 17, N. Y. 

Materials and Methods. Dept. (News Digest) Select. for 
news items and pubs. on engineering matls. and engineering. 
Indic. M. 200. $2. Reinhold Publishing Corp., 330 W. 
42nd St., New York 18, N. Y. 


(8) FOODS AND NUTRITION 


Bakers Digest. Dept. (Abstrs. on Baking Materials and Proc- 
essing) Select. for baking. Info. Bi-M. 50. $2. Siebel Publishing 
Co., 747 W. Jackson Blvd., Chicago 6, Il. 

Current Abstracts of Scientific and Technical Literature. Select. 
for food chemistry and technology and related fields. Indic.- 
Info. Semi-M. 3600. Lim. free. Research and Develop- 
ment Dept., General Foods Corp., Hoboken, N. J. 

Food Engineering. Depts. (Advances in Technology. Recent 
Investigations) Select. for food engineering. Indic.-Info. M. 
400. $3. McGraw-Hill Publishing Co., 330 W. 42nd St., 
New York, N. Y. 


Food Processing. Dept. (Briefs from Contemporary Publica- 
tions) Select. for food technology. Indic. M. 200. Lim. 
free. Putnam Publishing Co., 111 East Delaware Place, 
Chicago 11, III. 

Journal of Dairy Science. Dept. (Abstracts of Literature) 
Select. for dairy products. Info. M. 500. $10. American 
Dairy Science Association, Ohio State University, Columbus 
10, Ohio. 

Manufacturing Confectioner. Dept. (Digest of Technical Liter- 
ature) Select. for confectionery. Indic. M. 80. $3. 
Manufacturing Confectioner Publishing Co., 9 8. Clinton St., 

: Chicago 6, Ill. 

Milk Plant Monthly. Depts. (Abstracts of Recent Patents and 
of Recent Literature) Select for milk technology. Indic: M. 
900. $2. National Milk Publishing Co., 327 S. LaSalle St., 
Chicago 4, III. 

Nutrition Reviews. Dept. (Notes) Select. for nutrition. 
Info. M., 50. $4. Nutrition Foundation, Inc., Chrysler 
Bldg., New York 17, N. Y. 

Sugar. Dept. (Sugar Abstracts) Select. for sugar cane and 
beet technology. Info. M. 200. $5. International Sugar 
Cane Technologists. Address: Sugar, 2 W. 45th St., New 
York 19, N. Y. 


(9) GAS AND FUEL; ASPHALT 


Gas Abstracts. Comp. for gas; select. for petroleum and coal. 
Info. M. 2500. $15. Institute of Gas Technology, 17 W. 
34th St., Chicago 16, Ill. 

Highway Research Abstracts. Select. for info. pertaining to high- 
ways and road materials. Indic. 11 times/yr. 250. $3. 
Highway Research Board, National Research Council, 2011 
Constitution Ave., Washington 25, D. C. 


(10) GENERAL 


Battelle Technical Review. Dept. (Abstracts) Select. for wide 
coverage of sciences. Indic. M. 15,000. Lim. free. Bat- 
telle Memorial Institute, 505 King Ave., Columbus 1, Ohio. 

Bibliographic Index. Select. for bibliographies of permanent 

and A. 8500. Service. 


value on all subjects. T. Q. 
H. W. Wilson Co., 950 University Ave., New York 52, N. Y. 
Bibliography of Technical Reports. Comp. for declassified U. 8. 
government-sponsored research reports and some reports from 


foreign governments. Indic. M. 4000. $5. Office of 
Technical Services, U. S. Dept. of Commerce, Washington 25, 
D. C. 

Chemical Market Report. Comp. for chemical news items. 
Indic.-Info. M. 25,000. $180. Foster D. Snell, Inc., Mar- 
ket Research Dept., New York 11, N. Y. 

Education Index, Comp. for education. T. 10 times/yr. 
10,000. Service. H. W. Wilson Co., 950 University ‘Ave., 
New York 52, N. Y. 

Guide to Russian Scientific Periodical Literature. Covers Russian 
periodicals received by the B.N.L., T.I.D. Library. Indic. T. 
Irreg. 12 times/yr. 6500. 20¢ each. Brookhaven National 
Laboratory, Technical Information Division. Address: Office 
of Technical Services, Dept. of Commerce, Washington 25, 
D.C. 

Industrial Aris Index. Comp. for semi-technical material. T, 
(cumulated mo.). M. and A. 30,000. Service. H. W. 
Wilson Co., 950 University Ave., New York 52, N. Y. 

Monthly Checklist of State Publications. Comp. for state pub- 
lications, including experiment station bulletins. T. M. 
8500. $1.50. Exchange and Gift Division, Processing Dept., 
Library of Congress. Address: U. S. Superintendent of 
Documents, Washington 25, D. C. 

Monthly List of Russian.Accessions. Comp. for monographs and 
the contents of journals received by the Library of Congress 
and cooperating libraries. T., translated. M. 10,000. $3. 
Processing Dept., Library of Congress. Address: U. S. 
Superintendent of Documents, Washington 25, D. C. 

Naval Research Laboratory Library Bulletin. Select. for broad 
coverage of sciences. Indic. W. 16,000. Lim. free. Naval 
Research Laboratory, Washington, D. C. 


JOURNAL OF CHEMICAL EDUCATION 


Official Gazette. Comp. for U.S. patents. Indic. W. 45,000- 
$38.75. U.S. Patent Office, Dept. of Commerce. Address: 
U. S. Superintendent of Documents, Washington 25, D. C. 

Prevention of Deterioration Abstracts. Select. for causes and pre- 
vention of deterioration of materials. Info. M. 1000. 
$50. Prevention of Deterioration Center, National Research 
Council, 2101 Constitution Ave., Washington 25, D. C. 

Prevention of Deterioration Advance List. Select. for causes and 
prevention of deterioration of materials. T. M. 2000. 
$10. Prevention of Deterioration Center, National Research 
Council, 2101 Constitution Ave., Washington 25, D. C. 

Réaders Guide to Periodical Literature. Comp. for selected list of 
pubs. of general and semi-technical interest. T. (cumulated 
mo.). M.and A. 20,000. Service. H. W. Wilson Co., 950 
University Ave., New York 52, N. Y. 

Refrigeration Abstracts. Select. for materials on refrigeration, 
Indic. Q. 2000. $7. American Society of Refrigerating 
Engineers, 40 W. 40th St., New York 18, N. Y. 

Technical Data Digest. Select. for science and technology of 
interest to Dept. of Defense. Indic. M. 4000. Lim. free. 
Armed Services Technical Information Agency, Document 
Service Center, Attn.: Technical Data Digest, U. B. Bldg., 
Dayton 2, Ohio. 

Technical Information Pilot. Comp. for technical reports on 
government-sponsored research received by the Navy Research 
Section of the Library of Congress. Info. (bull. and cards), 
Irreg. (approx. 7 times/mo.). 7500. Lim. free. Navy 
Research Section, Reference Dept., Library of Congress, 
Washington 25, D. C. 

Technical Survey. Select. for publications and new items in 
many fields of science. Indic. W. 20,000. $30. Tech- 
nical Survey, 367 Broad St., Newark 2, N. J. 


(1l) GENERAL: BOOKS 


Book Review Digest. Select. for books in all fields. Indic. M. 
4000. Service. H.W. Wilson Co., 950 University Ave., New 
York 52, N. Y. 

Cumulative Book Index. Comp. for books in the English lan- 
guage. T.(cumulated). M. 20,000. Service. H. W. Wil- 
son Co., 950 University Ave., New York 52, N. Y. 

New Technical Books. Comp. for books on science and tech- 
nology published in the U. S. except medical and biological 
sciences; selective for books published elsewhere. Semi-Info. 
Bi-M. 450. $1.50. New York Public Library, Fifth Ave. 
and 42nd St., New York 18, N. Y. 

Publishers Weekly. Dept.. (Weekly Record) Comp. for books 
published in the U. 8S. Indic. W. 15,000. $7. R. R. 
Bowker Co., 62 W. 45th St., New York 19, N. Y. 

Technical Book Review Index. Select. for scientific and technical 
books. Indic. 10 times/yr. 1600. $7.50. Special Li- 
braries Association, 31 E. 10th St., New York 3, N. Y. 

(12) GENERAL: THESES 

Doctoral Dissertations. Comp. for doctoral theses from selected 
institutions. T. A. 3600. $4.50. H. W. Wilson Co., 
950 University Ave., New York 52, N. Y. 

Microfilm Abstracts. Select. for doctoral dissertations and 


monographs available on microfilm. Indic. 6 times/yr. 
1000. $6. University Microfilms, Ann Arbor, Mich. 


(13) GENERAL: LITERATURE 


American Documentation. Dept. (Committee on Organization 
of Information) Select. for chemical documentation, past and 
current, Info. Q. 150. $5. American Documentation In- 
stitute, 1719 N St., N. W., Washington 6, D. C. 

Chemical Literature. Dept. (Annotated Bibliography on Docu- 
mentation) Select. for chemical documentation. Indic. Q. 
250. $0.30 (to division members and associates as part of 
dues). American Chemical Society Division of Chemical 
Literature. Address: T. E. R. Singer, Treas., A. C. 8. Div. of 
Chem. Literature, 535 Fifth Ave., New York 17, N. Y. 

Sci-Tech. News. Dept. (Abstracts) Select. for indexing, ab- 
stracting and bibliography. Indic. Approx. Q. 50. $2. 
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Sci-Tech Div. of the Special Libraries Association. Address: Metals Review. Dept. (A.S.M. Review of Metal Literature) 


W. J. Vitali, East Alton, Ill. Comp. for metals. Indic. M. 9000. $5 (annual vol., 
$15). American Society for Metals, 7301 Euclid Ave., Cleve- 

10 eam land 3, Ohio. 
Journal of the American Leather Chemists’ Association. Dept. Plating. Depts. (Article and Patent Abstracts) Select. for 
(Abstracts) Comp. for leather, tanning, hides, etc. Indic.- plating, especially patents. Indic.-Info. M. 500. $4. 


Info. M. 300. $15. American Leather Chemists’ Asso- American Electroplaters’ Society, 445 Broad St., Newark 2, 
ciation. Address: Journal of the American Leather Chemists’ « N. J. 
Association, Univ. of Cincinnati, Cincinnati 21, Ohio. Powder Metallurgy Bulletin. Dept. (Abstracts) Select. for 
powder metallurgy. Info. Approx. Q. 50. $5. Powder 
(15), MEDICINE AND PHARMACOLOGY (Select. Abstr. Services) Metallurgy Bulletin, 320 Yonkers Ave., Yonkers 2, N. Y. 
American Journal of Pharmacy. Dept. (Select. Abstracts) Vancoram Review. Dept. (Abstracts) Select. for vanadium 
Select. for chemotherapy, medicine, etc. Info. M. 70. $4. chemistry and technology. Info. Semi-A. 48. Lim. free. 
American Journal of Pharmacy, Philadelphia College of Phar- Vanadium Corp. of America, 420 Lexington Ave., New York 
macy and Science, 43rd St., Kingsessing and Woodland Aves., WEN. Y. 
Philadelphia 4, Pa. 
Archives of Industrial and Occupational Medicine. Dept. Select. “7 MISCELLANEOUS 
for industrial hygiene, toxicity, etc. Indic.-Info. M. 900. American Ink-Maker. Depts. (Technical Notes. New Pat- 
$8. American Medical Association, 535 N. Dearborn St., ents.) Select. for inks.. Indic.-Info. M. 80. $3. Mac- 
Chicago 10, Il. Nair-Dorland Co., Inc., 254 W. 31st St., New York 1, N. Y. 
Current List of Medical Literature. Comp. for medical and allied Jodine Abstracts and Reviews. Comp. for uses of iodine and its 
sciences. T. W. 90,000. $9.75. Army Medical Library, compounds. Indic.-Info. Irreg. 1200. Lim. free. Chil- 
Address: U. 8. Superintendent of Documents, Washington 25, ean Iodine Educational Bureau, Inc., 120 Broadway, New 


D. C. . York 5, N. Y. 

Current Medical Digest. Select. for therapeutics and chemothera- Journal of the American Concrete Institute. Dept. (Current 
peutics. Info. M. 600. $2. Williams and Wilkins Co., Review) Select. for concrete. Indic.-Info. M. 400. $15. 
Mt. Royal and Guilford Aves., Baltimore, Md. American Concrete Institute, 18263 W. MecNichols Rd., De- 


Current Researches in Anesthesia and Analgesia. Dept. (Cur- troit 19, Mich. 
rent Index) Comp. for anesthesia. T. Bi-M. 1000, $10. 
International Anesthesia Research Association, Hotel West- 8) PAINT 
lake, Rocky River 16, Ohio. Abstract Review. Comp. for organic protective coatings. Info. 
Drug and Cosmetic Industry. Depts. (Advancing Therapy. M. 1700. Free (members. only). Scientific Section, 
Perfumer’s Shelf. Patent Thoughts and Trends) Select. for National Paint, Varnish and Lacquer Association, Inc., 1500 
chemotherapy articles and patents; perfumery articles. Info. Rhode Island Ave., N. W., Washington 5, D. C. 
(PatentsbyT.) M. 250. $3. Drug Markets, Inc., 101 W. Organic Finishing. Dept. (Patents) Select. for paints, paimt- 
31st St., New York 1, N. Y. ing equipment and paint removers. Indic. M. 150. $3. 
Lab World. Dept. (Journal-Ease) Select. for biochemistry, Finishing Publications, Inc., 11 W. 42nd St., New York 18, 
microbiology, hematology, and histopathology. Indic. M. N. Y. 
400. $3. Lab World, Wilshire Medical Bldg., 1930 Wilshire Paint and Varnish Production. Depts. (Patents. Abstracts) 
Blvd., Los Angeles 5, Calif. Select. for paints and related subjects. Info. M. 200. $3. 
Occupational Health. Dept. (Recommended Reading) Select. Powell Magazines, Inc., 855 Sixth Ave., New York 1, N. Y. 
for industrial hygiene items in sources other than industrial 
hygiene journals. T. M. 100. $1. Federal Security 9) PAPER 
Agency. Address: U. 8S. Superintendent of Documents, Bulletin of the Institute of Paper Chemistry (Library Notes). 
Washington 25, D. C. Comp. for pulp and paper research and technology. Info. M. 
Squibb Abstract Bulletin. Select. for general sciences, especially 3500. $25. The Institute of Paper Chemistry, Appleton, 
chemotherapy. Info. abstr. and T. W. 11,000. $25. Wis. 
Squibb Institute for Medical Research Library, 17 Columbia Paper Trade Journal. Dept. (Patent Abstracts) Select. for 
Heights, Brooklyn 2, N. Y. paper technology. Indic. W. 400. $5. Lockwood Trade 
Journal Co., 15 W. 47th St., New York 19, N. Y. 
Q0 METALA AND Pulp and Paper Manufacture (Bibliography of Papermaking). 
Bibliographic Survey of Corrosion. Comp. for corrosion and its Comp. for pulp and paper manufacture. T. (journal articles) 
prevention. Indic.-Info. A. or biennial. 1400. $5 (1945); and Indic. (patents). A. 6000. Free{to members): Tech- 
$9 (1946-7 in one vol.) National Association of Corrosion nical Association of the Pulp and Paper Industry, 122 E. 42nd 
Engineers, 919 Milam Bldg., Houston 2, Texas. NACE St., New York 17, N. Y. 
Abstract Punch Card Service, $75.00. TAPPI. Dept. (U.S. Patents on Paper Making) Comp. for 
Corrosion. Dept. Comp. for corrosion and its prevention. papermaking. Indic. Q. (journal M.) 600. $7.50. Tech- 


Indic.-Info. M. 1200. $7.50. National Association of Cor- nical Association of the Pulp and Paper Industry, 122 E. 42nd 
rosion Engineers, 919 Milam Bldg., Houston 2, Texas. St., New York 17, N. Y. 


Journal of the Electrochemical Society. Dept. (Recent Patents) 
Select. for electrochemistry. T. 10 times/yr. (journal M.) (0) PETROLEUM 
600. $12. Electrochemical Society, 235 W. 102 St., New Library Bulletin of Abstracts. Select. for petroleum, especially 
York 25, N. Y. research. Info. W. 600. Lim. free. Universal Oil Prod- 
light Metal Age. Depts. (Abstracts. International Patent ucts Co., 3108. Michigan Ave., Chicago 4, III. 
Calendar) Select. for articles and U. 8. and Canadian patents Lybrication Engineering. Depts. (Current Literature. Patent 
on metals. Indic. Bi-M. 90. $3. Light Metal Age, 220 Abstracts, Oils and Lubricants) Select. for lubrication. 
8, State St., Chicago 4, Ill. Indic. Bi-M. 700. $4. American Society of Lubrication 
Metal Finishing. Dept. o ee Select. for plating and re- Engineers, 343 S. Dearborn St., Chicago 4, Ill. 
lated topics. Indic. %. Finishing Publications Petroleum Processing. Depts. (Processing Patents. Equip- 
Inc., 11 W. 42nd St., New York 18, N. Y. ment Patents) Comp. for U. 8. patents relating to petroleum 
Metal ' Pregome. (Abstracts included in journal) Select. for processing. Few abstracts perissue; restT. M. 1800. $8. 
metals. Info. M. 40. $7.50. American Society for National Petroleum Publishing Co., 1213 W. Third St., Cleve- 
Metals, 7301 Euclid Ave., Cleveland 3, Ohio. land 13, Ohio. 
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Petroleum Refiner. Depts. (Science and Technology Abstracts. 
Digest of Recent U. S. Patents Pertaining to Petroleum Refin- 
ing) Select. for petroleum refining. Indic.-Info. M. 1500. 
$2. Gulf Publishing Co., Box 2608, Houston 1, Texas. 

Synthetic Liquid Fuels Abstracts. Comp. for synthetic liquid 
fuels. Info. Bi-M. 900. Free. U. S. Bureau of Mines, 
4800 Forbes St., Pittsburgh 13, Pa. 


(21) PHOTOGRAPHY 


Ansco Abstracts. Select. for photography and related subjects. 
Info. M. 1000. $5. Ansco, Binghamton, N. Y. 

Monthly Abstract Bulletin. Select. for photography and related 
subjects. Indic.-Info. M. 2200. Lim. Kodak Research 
Laboratory, Eastman Kodak Co., Rochester, N. Y. 


(22) POLYMERS AND PLASTICS 


Modern Plastics. Dept. (Plastics Digest) Select. for plastics 
chemistry, production and properties, especially patents. 
Indic. M. 700. $5. Modern Plastics, Inc., 575 Madison 
Ave., New York 22, N. Y. 

Plastics Newsletter. Select. for news items and patents on plastics. 
Patents T. only. W. 1500. $18. Cleworth Publishing Co., 
22 W. Putnam Ave., Greenwich, Conn. 

Resins, Rubbers, and Plastics. Select. for chemistry and physics 
of polymeric materials. Info. (looseleaf). M. 1100. $45. 
Interscience Publishers, Inc., 250 Fifth Ave., New York 1, N. Y. 


(23) RUBBER 


India Rubber World. Dept. (Bibliography) Select. for rubber. 
T. M. 750. $5. Bill Bros. Publishing Co., 386 Fourth 
Ave., New York 16, N. Y. 

Rubber Formulary. Comp. for rubber compounding data in jour- 
nals and trade literature. Info. (punched cards). M. 800. 
$85. The Rubber Formulary, P. O. Box 1586, Bakersfield, 
Calif. 


(24) SOAP, OILS, AND FATS 


American Perfumer and Essential Oil Review. Dept. (Technical 
Abstracts) Select. for cosmetics, flavors, and soaps. Indic. 
M. 80. $3. Moore Publishing Co., 48 W. 38th St., New 
York 18, N. Y. 

Fats, Oils, Detergents. Comp. for the chemistry and technology 
of oils, fats, greases, soaps, and detergents. Info. (looseleaf). 
M. 1100. $60. Interscience Publishers, Inc., 250 Fifth 
Ave., New York 1, N. Y. 

Journal of the American Oil Chemists’ Society. Dept. (Ab- 
stracts) Comp. for fats, oils, soap, detergents, and waxes. 
Semi-Info. M. 1300. $5. American Oil Chemists’ So- 
ciety, 35 E. Wacker Drive, Chicago 1, IIl. 

Soap and Sanitary Chemicals. Dept. (New Patents) Select. 
for insecticides, soap, detergents. Indic. M. 100. $4. 

. MacNair-Dorland Co., 254 W. 31st St., New York 1, N. Y. 


(25) TEXTILES 


Natural and Synthetic Fibers. Comp. for textiles. Info. (loose- 
leaf), M. 1100. $60. Interscience Publishers, Inc., 250 
Fifth Ave., New York 1, N. Y. 

Textile Review. Dept. (Recent patents) Select. for textile 
machinery and processing. T. Q. 150. $1. Textile Re- 
view, 15 Hathaway St., Boston, Mass. 

Textile Technology Digest. Comp. for fibers, textile manufac- 
ture, equipment. Info. M. 3000. $25. Institute of Tex- 
tile Technology, Charlottesville, Va. | 

(26) WATER AND SEWAGE 

Chlorination Topics. Dept. (Current Literature Review) Se- 
lect. for chlorine in water treatment. Info. Q. 50. Lim. 
free. Wallace & Tiernan, Newark 1, N. J. 

Journal American Water Works Association. Dept. (Conden- 
sation) Select. for water works technology. Indic.-Info. M. 
360. $7. American Water Works Association., 521 Fifth 
Ave., New York 17, N. Y. 


Sewage and Industrial Wastes. Dept. Gin and abstracts) 


Select. for industrial wastes technology and sewage treatment. 
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Indic. M. 100. $7.50. Federation of Sewage and Indus- 


trial Wastes Associations. Address: 325 Illinois Bldg., Cham- 
paign, Ill. 
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COMMUNICATION DEFICIENCIES OF SENIOR 
AND GRADUATE CHEMICAL ENGINEERS 


Ir 1s the purpose of this article to report the results 
of an investigation of communication deficiencies of 
senior and graduate chemical engineers at the University 
of Texas. More concretely, the object of our investi- 
gation was to find out what communication problems 
in report writing continued to give students trouble 
after they have had two years of training in English, 
nine semester hours of which were in English composi- 
tion—three of the nine in technical writing. There is 
no reason to believe that these students were different 
from those at the same level of achievement in other 
similar institutions. The results of our inquiry, then, 
should be of interest to all those in industrial and educa- 
tional institutions who are concerned with turning out 
engineers with adequate technical knowledge and with 
skill to communicate efficiently to others through the 
medium of letters and reports. 

Five-hundred and thirty-two reports (averaging 
about 20 pages of text in length) by 54 students were 
checked for errors in punctuation, grammar and syntax, 
and spelling. General effectiveness of organization 
was also checked, but no tabulations of shortcomings 
in this area of usage were made owing to the difficulty of 
defining an “error.” We shall, however, describe the 
kinds of organizational problems these students had 
trouble with. 

We found that these students made, despite their 
training and maturity, a large number of errors in com- 
position. While we recognize that averages per report 
of tabulated errors do not accurately reflect the ability 
(or lack of ability) of each student, we do feel that they 
are significant enough to warrant reporting. There 
was an average of 45.5 (roughly) errors per report. A 
breakdown of this figure shows there were 10.8 errors 
per report in punctuation; 29.2 in grammar and syntax; 
and 5.5 in spelling. Assuming that our sampling was 
adequate, we could predict that the average senior or 
graduate student of chemical engineering can be ex- 
pected to make about two mistakes in composition 
per page of manuscript. 

Let us take a closer look at the difficulties experienced 
by these students. By doing so, we can better see 
where heavier emphasis needs to fall, both in their 
elementary composition training and in the follow-up 
advice and training they may receive in their technical 
courses and later on in their professional work. We 
shall list the most common kinds of errors made in the 
three categories of punctuation, grammar and syntax, 
and spelling, and then go on to-discuss some of the other, 
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less definite problems these students had trouble with. 
Finally, we shall describe the method used to bring 
about improvement in their writing. 

Punctuation: Comma. Total errors: 2276; average 
per report: 4.03. 

(1) Failure to separate long introductory dependent 
clauses. 

(2) Failure to use commas where they are necessary 
for clarity, such as before “for ” when it is used as a 
conjunction. 

(3) Setting off restrictive clauses with commas. 

(4) Setting off print appositives: “After Valve, 
A, was turned off. 

Two tendencies in ‘the use of the comma were to 
overpunctuate and to use the comma as a catch-all 
substitute for more appropriate marks of punctuation. 

Semicolon. Total errors: 1691; average per report: 
3.38. 

(1) Failure to use a semicolon to separate clauses 
when “however,” “therefore,” “thus,” ‘in fact,” 
“moreover,” etc., were employed. 

(2) Failure to separate complex sentence elements, 
particularly when several short clauses or several con- 
fusing commas were involved. 

(3) Use of the semicolon when the colon should have 
been employed. 

Colon. Total errors: 1787; average per report; 3.41. 

(1) Use of the colon after a statement which had not 
been completed (after are, were, etc.). 

(2) Failure to use the colon when it should have been 
employed to introduce a series, an equation, or a quota- 
tion. 

GRAMMAR AND SynTAx: Agreement of Subject and 
Predicate. Total errors: 2107; average per report: 
3.97. 

(1) Failure to recognize “data’’ as plural. 

(2) Failure to regard “neither,” either,” “ 
ete., as singular. 

(3) Failure to recognize that a reference pronoun 
following a plural noun or pronoun becomes plural, 
thus making the following verb plural: “One of the 
main errors which was involved. . . .” 

Reference of Pronouns. Total errors: 1925; average 
per report: 3.61. 

(1) Ambiguous use of “it,” “this,” and “which.” 

(2) Lack of agreement of pronouns with antecedents. 

Parallel Wording. Total errors: 2385; average per 
report: 4.48. 

(1) Failure to keep grouped items, such as steps in a 


each,” 
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process, in parallel wording. This error usually involves 
beginning in the passive voice and switching to the 
direct address (you understood) of the active voice. 

(2) Failure to use parallel wording with “to,” “with,” 
“by,”’ etc., when these are used in a series of two or 
more parallel phrases. 

Sentence Structure. 
report: 6.76. 

(1) Keeping to one point of view. Since the reports 
were to be written from an impersonal point of view, 
the use of participial and gerund phrases proved to be 
especially dangerous. Since in almost every case such 
an expression as “By turning on Valve A. . .” or “Using 
manometer C. . .” must, strictly speaking, modify a 
personal subject, the point of view was shifted to imply 
the personal, but the result was a dangling modifier 
since the actual subject was usually the name of some 
piece of equipment. Thus in at least 95 per cent of 
such cases, the sentence read: ‘Using manometer C, 
the results were recorded’’; or “By turning on Valve A, 
the thermometer read 175°C.”’ Students had the same 
difficulty with elliptical clauses and infinitive phrases. 

(2) Overuse of the expletives “‘it is” and “there is/are” 
as introductory words of a sentence instead of direct 
statement. Conciseness and emphasis were too often 
lost by openings like “It can be seen from the results 
that. . .” instead of the simpler, more direct “The 
results show that... .” 

(3) Failure to show by sentence structure that one 
idea is subordinate to another or that ideas follow logi- 
cally from one sentence to another. This error was 
particularly noticeable when it occurred in descriptions 
of processes or in discussions of results where sequence of 
ideas and inductive matter was of primary importance. 

Tense. Totalerrors: 1359; average per report: 2.5. 

(1) Failure to keep logical tense sequences between 
sentences. 

(2) Failure to keep consistent tenses in each section: 
the use of both past and present in the summary; the 
use of the past tense in the statement of object or in 
the introduction. 

Wording. Total errors: 1937; average per report: 
3.64. 

(1) Careless choice of words, inexact and sloppy 
expression, especially notable in the case of adverbs and 
the idiomatic use of prepositional constructions. 

(2) The almost universal confusion of “effect’’ and 
“affect” and “principal” and “principle’—even in 
otherwise excellent papers. 

Style Mechanics. Total errors: 2317; average per 
report: 4.35. 

(1) Incorrect capitalization (the tendency is to over- 
capitalize). 

(2) Incorrect abbreviations. 

(3) Incorrect use of numbers and symbols. 

Spe.uine: Total errors: 2819; average per report: 
5.48. 

Spelling errors, including those of hyphenation and 
syllabication, appeared to be chiefly due to carelessness 
in proofreading 


Total errors: 3596; average per 
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ORGANIZATION: It would be pointless here to de- 
scribe all the particular difficulties these students had 
with organization since many of these difficulties grew 
out of the specific subject matter with which they were 
dealing. Some weaknesses quite generally observed, 
however, were as follows: 

(1) Failure to write introductions which (a) intro- 
duce the subject matter of the report, (b) state explicitly 
the purpose of the report, and (c) tell what the plan of 
presentation is to be. 

(2) Failure to write introductions to sections giving 
an indication of the scope of the section. 

(3) Weak or nonexistent transitions between sections 
and between paragraphs. 

(4) Failure to state the main idea of a paragraph 
prominently and failure to develop it adequately. 
(Short, categorical paragraphs were not objectionable, 
of course, in conclusions and recommendations.) 

As the foregoing tabulations show, these students 
were not as competent in writing as we could hope they 
would be after completing their formal training in com- 
position. Although their weakness in spelling was not 
serious, their performance in punctuation and usage 
pointed to the need for more intensive training. 

As a matter of fact, the tabulations would undoubtedly 
have shown a larger number of errors had it nov been 
for the improvement program carried out during the 
period in which the reports were written—an academic 
year. It worked this way: each time a student turned 
in a report, it was read by his engineering instructor for 
content and then by an assistant especially chosen for 
his qualifications for checking its quality of composition. 
Besides marking errors (as tabulated), this assistant 
wrote out critical comments and inserted at appropriate 
places in the report mimeographed slips on which were 
printed pertinent rules and acceptable usages. In 
addition, conferences between the student and the 
assistant were held as needed. Thus each student had 
the benefit of this written and verbal instruction through- 
out the time during which he wrote his reports. 

While the tabulations presented in this article make 
it obvious that this program of checking reports and 
conferring with their authors did not produce flawless 
writers, it did do a great deal of good. Those who at 
first wrote good reports continued to'do so. Of those 
who began with mediocre papers, 67 per cent showed 
improvement on an average of as much as one letter 
grade (from C to B, for example) over the first few 
reports turned in; about 18 per cent improved an aver- 
age of two letter grades; the remaining students, with 
two exceptions, stayed about the same throughout. 
The two exceptions showed an unfortunate decline of 
one letter grade average. 

Worth while as this improvement program has been, 
it is clearly not enough. If engineers are to become as 
proficient as they need to be in order to fulfill success- 
fully the demands made of them professionally, they 
must not only receive the kind of help described above 
but also get more intensive elementary training and 
engage in a continuing program of self-help. 


] 

SON 

with. 

rage 

dent 

sary 

as a 

alve, 

to 

h-all 

tion. 

port: 

uses 

act,” 

ents, 
con- 

have 

3.41. ‘ 

1 not 

been 

10ta- 
and 

port: 

ch,” 

noun 

ural, 

the 

rage 

ich.”’ 

ents. 

2 per 

sina 


* EXPERIMENTS IN PAPER PARTITION 
CHROMATOGRAPHY 


Tus paper presents the results of some experimental 
work carried on by one of the authors in connection 
with a senior honors course in the department of chemis- 
try. 

Frierson and Ammons! have dealt with the separation 
and detection, by means of paper partition, of the cations 
of Groups I, II, and III of the conventional qualitative 
analysis scheme. The cations of Groups I and II were 
satisfactorily separated and some preliminary work was 
done on Group III. In the present paper, the authors 
decided to investigate some of the variables which 
must be taken into account in all paper chromatography. 


““Chromatobox”’ 


The variables selected were pH and the composition 
of the solvent used. Butanol-acetic acid mixtures, 


1 Frierson, W. J., anp M. J. Ammons, J. Cuem. Epuc., 27, 
37 (1950). 

*Srem, W. H., anv 8. Moors, Sci. American, 184, No. 3, p. 35 
(1951). 


Dickinson College, Carlisle, Pennsylvania 


ranging from pure butanol to glacial acetic acid, were 
studied. 

The apparatus used is shown in the figure. It was 
built by one of the authors, and is a modification of that 
described by Stein and Moore.? The “Chromatobox,”’ 
as the apparatus is called, is 25 in. high, .14 in. wide, 
and 51/2 in. deep, with two panes of window glass in 
the front and back. The top of the ‘“Chromatobox’’ 
is hinged, thus providing good accessibility. It is 
designed specifically for downward diffusion, using a 
glass boat, supported by wooden dowels, as the sol- 
vent trough. It is readily converted for the ascending 
method, using the dowels as paper supports. The box 
provides good vapor saturation and is painted inside 
with a lacquer to protect the wood. 

To conduct the experiments, No. 1 Whatman filter 
paper sheets 5 X 18 in., butanol, glacial acetic acid, 
aqueous solutions of the nitrates of silver, lead, and 
mercury (I), and a micropipet were used. The pH 
measurements were made with a Photovolt, line-oper- 
ated pH-meter. The procedure was as follows. At a 
point 4 in. from the narrow end of the paper strip, a 
horizontal pencil line was drawn across the paper. A 
blotter was placed under the paper strip at the pencil 
line. The micropipet, containing a solution of the 
cations of Group I, was drawn across the paper in a 
straight, uniform motion, allowing only a thin line of 
solution to flow on the paper. The liquid on the paper 
was allowed to dry and the operation repeated four 
times, taking care that the line was dried each time. 

Two holes were punched in the end of the paper oppo- 
site from the spotting line. A glass rod was passed 
through these holes to prevent the paper from curling. 
The spotted end was placed in the glass boat, up and 
over a glass rod placed above and in front of the boat, 
permitting the paper to hang in the “Chromatobox.”’ 
The glass boat was filled with solvent. The solvent 
was allowed to diffuse down the paper until it nearly 
reached the bottom. This took 18 to 20 hours in most 
cases. The paper was removed from the box and dried. 
The entire surface of the paper was sprayed, until 
slightly moist, with an ammonium sulfide solution, by 
means of an ordinary DeVilbus atomizer. Rf values 
were then measured. The Rf value is the ratio of the 
distance traveled by the adsorbed compound from the 
spotting point to the total distance traveled by the 
solvent, also measured from the spotting point. Results 
obtained are shown in Table 1. 

In the last two solutions in the table vapor saturation 
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TABLE 1 
Composition of 
solvent, 
parts by volume 
( Butanol: glacial Rf values X 10-———— 
acetic) AgNO; Pb(NOs)2 H2(NOs)2 pH 
10: 0 0.64 0.35 9.70 5.50 
oe! 0.96 0.96 9.64 3.50 
8: 2 1.43 2.24 9.40 2.80 
7: 3 2.14 4.05 9.62 2.42 
6: 4 2.16 5.55 9.82 1.82 
5: & 2.64 6.85 9.14 1.47 
4: 6 2.63 7.30 9.43 1.18 
3: 7 2.62 6.85 9.54 0.92 
3.28 6.90 9.58 0.70 
0:10 


was apparently not sufficient. The solvent flowed, 
evaporated, and started flowing again. Very obviously, 
Rf values increase with decreased pH. It is of interest 
to note that the order of the silver and lead Rf values is 
reversed in the 8:2 mixture. In the 9:1 mixtyre, where 
the acetic acid concentration is low, silver and lead 
have the same Rf values. However, as the concentra- 
tion of the acid is increased, the Rf values increase in 
the same order as the solubility of the acetates of the 
three metals. In the middle range of concentration 
the order of the metals on the paper is the same order 
as the increasing molecular weights of the respective 
acetates, assuming mercurous acetate to be Hg.(C.H;- 
Oz)2. It would seem from these limited results that the 


solubility and molecular weights of the ascorbates play 
a decisive role in their chromatographic separation. 

An additional study made during this investigation 
was the effect of the width of the paper used. The 
3:7 solution, in Table 1, was used on strips of No. 1 
Whatman filter paper. The results are shown in 


Table 2. 
TABLE 2 
Rf val 
Width of th of 
strip, in. AgNO; Pb(NO3;)2 Hg(NO:), in. 
'/, no separation 
2 0.24 0.76 0.96 6 
3 0.23 0.78 0.97 5 
4 0.29 0.82 0.98 5 
5 0.28 0.75 0.96 9 
6 0.20 0.63 0.95 10 


These results show comparative uniformity in Rf 
values for the strips of varying width. The 6-in. strip 
has the longest solvent flow distance and the smaller 
Rf values. The strips with shorter solvent flow, show 
larger Rf values. Further study is contemplated with 
the cations of Groups II and III. 
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* A SIMPLE DEMONSTRATION OF THE CARNOT CYCLE 


THE derivation of the Carnot equation, which governs 
the interconversion of heat and work, is easy to present 
once the students have reached the necessary profi- 
ciency in elementary thermodynamics. It is also 
fairly easy to make the student visualize, mostly by 
using the familiar example of the automobile engine, 
what is involved in converting heat into energy. The 
use of energy to heat one body and cool another is a 
little more difficult for the student to grasp, especially 
when it comes to realizing that the cycle used in the 
household refrigerator heats the room at the same time 
that it cools the icebox, and can therefore be used to 
heat the house by borrowing heat from the cold outdoors. 

The cooling and heating steps of the cycle could be 
demonstrated by means of equipment using the com- 
pression of gases. A much simpler method of demon- 
stration is proposed here, so simple that every student 
in the class can perform it himself at practically no 


GEORGE CALINGAERT 
Hobart and William Smith Colleges, Geneva, New York 


cost: the student’s hands supply the work, his lips 
are used as the temperature measuring instrument; and 
the equipment consists of an ordinary office-type rubber 
band. 

Take an ordinary rubber band, say about 6 cm. 
long (12 cm. complete loop) and about 2 mm. wide. 
Note by touching the rubber band to the slightly mois- 
tened lips that its temperature is about equal to that 
of the room. 

(1) Stretch it out swiftly as far as it will go without 
breaking. With good rubber, this will be about four 
times its original length. While holding it taut, touch 
the rubber again to the lips and note that its tempera- 
ture has risen appreciably. 

(2) Hold it in this taut position for about 30 seconds; 
during that time the rubber will be heating the surround- 
ing air and will return approximately to room tempera- 
ture. 


|| AuGusT, 1952 | | 
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(3) Release the rubber suddenly back to its original 
unstretched shape, and touch it again immediately to 
the lips. Its temperature is now appreciably below 
the original. 

(4) At that point of the cycle heat will flow from 
the air to the rubber, bringing it back to its original 
condition, and completing the cycle. 

Thus it is shown that energy is used to “pump” heat 
to a higher temperature (step 1), where it is discharged 
(step 2). When the cooled engine is made to “resti- 
tute” the work originally done to it, it does so at the 
expense of its own heat content (step 3). This cools 
it below the ambient temperature, so that it can now 
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absorb heat from its surroundings (step 4). If the air 
we heat is that in the kitchen, while the air we cool is 
inside a box, we have the familiar household refrigera- 
tor. If the air we heat is that in the living room while 
the air we cool is that of the—already somewhat cold—. 
outdoors, we are using the heat pump to heat the house. 
It now becomes simple to point out that the perform- 
ance of the same cycle on the larger scale—with rubber 
or any other suitable material—will make it possible 
by the input of energy to raise the temperature of, 
let us say, air in one place while lowering it in another. 
This is the simplest, cheapest, and most rugged heat 
pump that has ever come to the writer’s attention. 


s THE PREPARATION OF PUNCHED CARDS FOR INDEXING INFORMATION 


Tue punched-card indexing system is deservedly 
gaining in popularity. Many, including the author, 
have considered using it for personal files but have been 
deterred by the necessary initial investment. It is 
the purpose of this communication to describe a 
method whereby ordinary file cards can be converted 
to punched cards at small cost. Among the dividends 


ofjpreparing one’s own cards are the following: first, 
one can determine easily and economically whether 
or not the punched-card system will be really useful; 
second, one can set up a system which will uniquely 
fit his own needs even though the design is not com- 
mercially available; third, one is not restricted in any 
way as to card sizes. Those interested in library 
courses can design many interesting student experi- 
ments around this method. 

The essential features of the method are shown in the 
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A is a brass master plate the same size as the 
card to be used. Into this the desired system of holes 
has been drilled. B is a pack of 100 cards. C is a 
sheet of cardboard used as a spacer. D is a block of 
wood; '/, in. plywood is satisfactory. A, B, C, and 
D are squeezed together by hand. One corner is used 
as a reference corner. This corner should be marked 
for future reference. The complete stack is lined 
up by tapping edge U and then edge V on a flat sur- 
face. Line segments, P, O, N, M should form a 
straight line which is perpendicular to the plane of the 
surface. The stack is now clamped together as tightly 
as possible into this position with four 2-in. C-clamps, 
one neareachcorner. A hole is drilled through the com- 
plete stack by means of a drill press and the appro- 
priate size drill (°/¢4 in. is suitable). A round-head bolt 
through the hole and nut is now used to hold this corner 
fast. Each corner and the midpoint of each side is then 
so fixed. Now the drill press is set so that the drill 
goes through only to the spacer and the remaining 
holes are drilled. It is of utmost importance to keep 
the stack of cards compressed so as to present a solid 
block to the drill and to keep the plane of the stack 
perpendicular to the drill. 

The punched cards so made form a convenient pad 
from which one can be removed at atime. It has been 
found that a novice can produce 200 cards in about 
one hour. 

It should be noted that a knitting needle can serve 
as a sorting device. While for the casual user a scissors 
can be used for coding the cards, it is more convenient 
to construct a card which will accommodate the com- 
mercially available punches. 
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e EDMUND RUFFIN, SOIL CHEMIST OF THE OLD 


SOUTH’ 


Epmunp Ruffin was born on his father’s plantation 
in Virginia on January 5, 1794. The family, established 
in Prince George County on the banks of the James 
River below Richmond, traced its origin to William 
Ruffin who had settled in Virginia in 1666. As was 
typical in this part of the South young Edmund received 
his early education at home. In 1811 he entered the 
College of William and Mary but his academic career 
was terminated during the year by action of college 
authorities. Soon thereafter the War of 1812 started 
and he enlisted with a volunteer company. He saw 
no active service before leaving the army early in 1813 
following the death of his father. Susan Travis, daugh- 
ter of a prominent Williamsburg family, became his 
bride as he settled down at Coggin’s Point to undertake 
the management of the family estate. 

His boyhood training had done little to prepare him 
for the responsibilities of plantation operation which 
were thrust upon his shoulders at 19. Added to this, 
the acres were in the typical run-down condition which 
made farming in tide-water Virginia a precarious means 
of livelihood even for the mature and experienced. 
Despite his handicap, or possibly because of it, he 
attacked his problems with youthful vigor. 

In undertaking a search for new ideas in farming 
young Ruffin looked in all directions, exhaustively col- 
lecting and reading not only American agricultural 
works but those of England and the Continent as well.? 
He was favorably impressed by the system of farming 
advocated by John Taylor of Caroline in the “‘Arator”’ 
and immediately put Taylor’s suggestions into practice 
on the Coggin’s Point farm. Taylor, better known for 
his political tracts supporting Jeffersonian ideas but also 
prominent as an agriculturist, was an advocate of 
“enclosure.’”’ He believed that plants drew nourish- 
ment from the atmosphere and built up the fertility 
of the soil upon being plowed under. Land should be 
used for crops rather than grazing. The crops should 
be fed to animals and the manure, together with waste 
fodder, should be immediately returned to the soil and 
covered before gaseous decay products could escape. 


1 Presented before the Division of History of Chemistry at the 
121st Meeting of the American Chemical Society, Buffalo, March 
23-7, 1952. 

? His library of classical and agricultural works became so ex- 
tensive that, according to Craven, “the astonished ‘Yankee 
soldiers’ who plundered it in war days could describe it as the 
largest library they had ever seen.” Craven, A., “Edmund 


Ruffin, Southerner,” D. Appleton & Co., New York, ‘1932 »‘p. 11. 
Quoted with permission of copyright owner, Appleton-Century- 
Crofts. 
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The favored crops were those which produced the most 
waste returnable to the soil. Tobacco found no place 
in Taylor’s system but corn was favored and clover 
played a central role since it could be used not only as a 
feed but as a green manure. 

Clover, however, failed to thrive on the Ruffin farm 
as it generally failed to thrive throughout the whole 
tide-water region. Ruffin wrote years later,* 


But utter disappointment followed...Clover could not be 
made to live on land of this kind; and even on much better, or 
where more enriched, was a very precarious crop, and which, 
where the growth was best, certainly yielded the entire occupancy 
of the ground to natural weeds after one year. The general non- 
grazing of the fields under grass, or rather under weeds, produced 
no visible enriching effect.... I had labored for four or five 
years in using these means of supposed improvement of the soil, 
but all of which proved either profitless, entirely useless, or abso- 
lutely, and in some cases greatly, injurious. 


At about this time a copy of Davy’s “Elements of 
Agricultural Chemistry’’ fell into Ruffin’s hands and 
was eagerly read. In Lecture IV he found the idea 
for which he had unconsciously been searching. Davy 
wrote,‘ 


If on washing a sterile soil it is found to contain the salts of 
iron, or any acid matter, it may be ameliorated by the application 
of quick lime. A soil of good apparent texture from Lincoln- 
shire, was put into my hands by Sir Joseph Banks as remarkable 
for sterility: on examining it, I found that it contained sulphate 
of iron; and I offered the obvious remedy of top dressing with 
lime, which converts the sulphate into a manure. 


The statement appeared reasonable to Ruffin. The 
soils around him behaved in the manner described by 
Davy. Sorrel and pine brush grew abundantly while 
cultivated grains produced poorly and clover culture 
was futile. Even the application of barnyard manure 
failed to have a consistent beneficial effect. 

Apparatus and chemicajs were procured in order to 
test the soil according to the methods described by 
Davy. It was a disappointment to find a negative 
result on applying the nutgall test for sulfate of iron. 
Rather than dropping the matter at this point he formu- 
lated the hypothesis that some other acid material was 
responsible for the sterile character of the soil. In his 
own words,® 


But though not a salt, of which one of the component parts 
was an acid, might not the poisonous quality be a pure or uncom- 
bined acid? This question was raised in my mind, and the readi- 


3 Farmers’ Register, 7, 660 (1839). 

4 Davy, H., ‘Elements of Agricultural Chemistry,” J. Conrad & 
Co., Philadelphia; F. Lucas, Jr., Baltimore, 1815, p. 180-1. 

5 See ref. 3, p. 661. 
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ness produced to suppose the affirmative to be true, by several 
circumstances. These were, Ist, that certain plants known to 
contain acid, as sheep-sorrel and pine, preferred these soils, and 
indeed were almost confined to them, and grew there with 
luxuriance and vigor proportioned to the unfitness of the land for 
producing cultivated crops. 2nd, ‘lhat of all the soils supposed 
to be acid which I examined by chemical tests, not one contained 
any calcareousearth. 3rd, That the small proportion of my land, 
and of all within the range of my observation, which was shelly, 
and of course calcareous, was entirely free from pine and sorrel, 
and moreover was as remarkable for great and lasting fertility, as 
the lands supposed to be acid for the reverse qualities. 


The suspicion was beginning to arise that lime might 
provide the answer to the problems of the tide-water 
farmer. 

In February, 1818 his slaves began digging marl from 
beds of fossil shells located on the farm and distributing 
it over two and one-half acres of newly cleared ground. 
The favorable effect was evident as soon as the corn 
planted there was a few inches high. Though the land 
was expected to be poor in fertility, and though it 
received no other fertilizing material, the yield was 


‘ circulating at five dollars per annual volume, had at- 
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estimated to be 40 per cent in excess of what might 
have been expected from similar unmarled land.’ As 
a result of the initial trial the practice of marling was 
continued in succeeding years until most of the farm 
had been treated. Records showed the favorable 
effect on yield of wheat and corn, and it also became 
possible to raise clover. 

The benefits derived from the application of marl 
to his land were called to the attention of Ruffin’s 
neighbors in an address before the Prince George County 
Agricultural Society that fall. The paper, expanded to 
include the experiments of the next three years, was 
published in the American Farmer as “Essay on calcare- 
ous manures.’ Succeeding years saw additional arti- 
cles on mar! published in agricultural magazines as his 
experiments and his convictions were expanding. 

Meanwhile, as befitted his position as a Southern 
gentleman, he aspired to political office. A challenging 
number of issues faced his agricultural class at the time. 
In 1823 his district elected him to the Virginia Senate, 
but the career of public servant soon paled. The re- 
criminations associated with the position, his inherent 
unwillingness to compromise, and the realization that 
his oratorical effectiveness by no means matched that 
of his fellow senators, caused him to resign in disap- 
pointment before the end of his four-year term. 

Though his oral powers of persuasion were found 
wanting, his pen became ever more effective. The 
year 1832 saw the expansion of his “Essay on calcareous 
manures” into a book of 216 pages. New editions 
came into print in 1835, 1842, 1844, and 1852. The 
third and _ fifth editions represented major expansions 
of the work. 

In 1833, in order to better bring new ideas in agri- 
culture before the farming population, he began publi- 
cation of the Farmers’ Register. This 64-page monthly, 


tained a subscription list of more than 1300 by the end 
of the first volume.® 

The Register’s rapid rise to popularity seems to have 
been well deserved. Craven says,’ 


From the very first issue the quality of the Register was high. 
The Richmond Enquirer hailed it as opening a new era in the life 
of the state, while John Skinner, first editor of the American 
Farmer, declared it to be the “best publication on agriculture 
which this country or Europe has ever produced.” For ten years 
it held to this standard and increased its following, easily excelling 
any other farm publication of the country, sending its files down 
to us to-day to invite favorable comparision with the best in any 
period in any country. 


According to Cutter” 


6 Am. Farmer, 3, 317 (1821). 

7 Ibid., pp. 313-9. This entire number of the American Farmer 
was given over to Ruffin’s ““Essay’’ except for a two-page glossary 
of chemical terms and a short letter from Thomas Jefferson re- 
garding broad-tailed sheep. 

8 Farmers’ Register, supplement to Vol. 1 (1834) carries a list of 
subscribers. 

® Ref. 2, p. 62. Quoted with permission of Appleton-Century- 
Crofts. 

1 CurrTer, W. P., Yearbook, U. 8. Dept. of Agriculture, Wash- 
ington, 1895, p. 500-1. 
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The influence of this journal on the agriculture of the State 
was very great, the tone was high, and the articles were carefully 
written, or selected from the better class of agricultural publica- 
tions. Nearly half of the reading matter came from Mr. Ruffin’s 
pen, and the subjects on which he expressed himself were ex- 
tremely diverse in character. 


Analysis of the magazine bears out these judgments. 
A policy of abstension from political issues was an- 
nounced at the start. The Register operated without 
alvertising revenues though this policy was later re- 
laxed to the extent of carrying advertisements inside and 
on the rear of the unpaginated covers. From the time 
that covers were first used they carried the same barn- 
yrd scene and the quotation from Swift, 


And he gave it for his opinion, “that whoever could make two 
ears of corn, or two blades of grass, to grow upon a spot of ground 
where only one grew before, would deserve better of mankind, 
and do more essential service to his country, than the whole race 
of politicians put together.” [See the figure. ] 


The editor evidently expected that the issues would 
be kept for reference purposes since the numbers of each 
volume were paginated continuously and a title page and 
index were issued for each volume. 

The first number opened with a ‘General description 
of Virginia’ reprinted from the Encyclopaedia Ameri- 
cana. The subject of marl was introduced in a signed 
article by W. S. Morton, a leading planter in Cumber- 
land County, who made a total of 21 contributions in 
the next ten years. Ruffin commented editorially with 
excerpts from earlier Morton letters and analytical 
results on marl samples by “Professor Cushing who 
resides near this region.””!!_ The analyst was Johnathan 
P. Cushing, President of Hampden-Sidney College. 
The remainder of the number was composed of articles 
reprinted from other agricultural journals. 

Articles from Ruffin’s pen were always numerous.!? 
His position on the use of mar! was continually bolstered 
by arguments gleaned from wide reading on agricultural 
theory and practice, but not to the exclusion of well- 
balanced articles on all phases of progressive agriculture. 
He also borrowed heavily from other publications, not 
only American but European. Credit is repeatedly 
given to the (Edinburgh) Farmer’s Magazine, Silliman’s 
Journal of Science and Arts, American Farmer, American 
Agriculturist, Genesse Farmer, Franklin Farmer, Farmer 
& Gardner, and numerous others. Even books were 
issued as numbers of the Register: Davy’s “Elements 
of Agricultural Chemistry,’’'* Taylor’s ‘Arator,’’' 
and the third edition of Ruffin’s ‘‘Essays on Calcareous 
Manures’’ found their way into the farm homes of 
subscribers. 

As the publication neared a decade of existence the 


11 Farmers’ Register, 1, 9 (1833). 

12 Swen, E. G., Bull. Va. State Library, 11, 36-144 (1919). 
The author, in this analysis of the Farmers’ Register and bibliog- 
ruphy of Ruffin, reveals the extent to which Ruffin wrote, not 
only under his own name, or as editor, but anonymously and under 
pen names. 

13 Farmers’ Register, 6, 577-687 (1838). 
4 Thid., 8, 703-22 (1840). 
1% Jbid., Supplement to Vol. 10 (1842). 


editor found himself unable to keep political opinion 
from emerging. By nature he was an opinionated 
fire-eater. Perhaps it had been his dislike of Jeffer- 
sonian principles that had motivated his first venture 
at political leadership in the twenties. Though he 
showed the traits of an enlightened reformer in agri- 
culture he was at heart a Southern aristocrat. Though 
he treated his family and slaves with a stern but kindly 
paternalism he had a dislike for democratic rule. Dis- 
satisfaction with political developments caused him 
to lean toward the rising Whigs and then, partly as a 
result of his affection for John Tyler, to return to the 
Democratic camp. The greatest irritation was the 
trend of monetary policy and he finally began attacking 
banking in the Register. Unfavorable subscriber reac- 
tion toward the retreat from the ‘‘no politics’’ editorial 
policy caused Ruffin to terminate his connection with 
the publication when Volume 10 was completed in 
December 1842. Thomas S. Pleasants became editor 
and proprietor but only a few numbers were issued 
before publication was permanently suspended. Ruffin 
launched the Bank Reformer as a vehicle for attacking 
banks and paper money but this publication was soon 
abandoned. 

At this time Ruffin felt a rising discontent with his 
Virginia neighbors. Though the practice of marling 
spread widely he became obsessed with a feeling of perse- 
cution. When the Virginia State Board of Agriculture 
was created in 1841 he was elected corresponding secre- 
tary but he soon felt that his suggestions were ignored 
and his attention was directed toward South Carolina. 
That state appeared to be the last stronghold of th2 
best Southern attitudes. 

When John Henry Hammond became governor of 
South Carolina in 1842 Ruffin was offered the post of 
agricultural surveyor. Accepting with enthusiasm, 
he set out to investigate the state’s resources of marl 
and limestone in the hope that availability of these 
calcareous minerals might lead to renovation of the 
agriculture of the state. However, his intensive labors 
in river courses and swamps brought on a breakdown in 
health—his constitution had always been frail—and 
he was forced to give up the position. 

The next years saw a virtual retirernaent from public 
life. Residence was taken up at “Marlbourne”’ a 
Virginia estate on the Pamunkey River in Hanover 
County. He refused the presidency of the’ newly 
formed Virginia Agricultural Society, preferring to 
isolate himself from the unappreciative Virginians. 
His attention was devoted to improvement of the plan- 
tation. Marl was applied as rapidly as possible. Drain- 
age systems were developed. A system of agriculture 
based on wheat, corn, and clover was put into operation. 
His records reveal that his wheat yield increased from 
14.8 to-20.2 bushels per acre between 1845 and 1848, 
while his corn yields increased from 14.3 to 29 bushels 
per acre in the same years.° His 1848 profits on wheat 

16 Calculated fromi a table in “Essays on Caleareous Manures,” 


5th ed., J. W. Randolph, Richmond, Va., 1852, p. 188. Here- 
after this book will be referred to as ‘“‘Essay.” 
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AU 
as were almost $6000. His agricultural pursuits were show- venience to provide transportation for him aboard the He 
ing a prosperity which appeared to justify the years of caissons as the troops deployed and he reluctantly le 
effort. realized that he must return to the less exacting life 01 
The prosperity at Marlbourne was part of a general of the plantation. In 
prosperity which had come to the tide-water South at Even there he saw the war come to him, as the Cog- bo 
this time. While by no means due entirely to use of marl _gin’s Point plantation and his beloved Marlbourne were his 
there appears to be general agreement that improved pillaged by the Union forces. Depression bore down “NV 
methods of farming were a factor. It was becoming on him as the South was slowly crushed by the economic “Pp 
apparent that Ruffin, far from being a prophet without reseurces of the enemy. Finally, after the Confederate An 
honor among his own people, had been listened to with troops laid down their arms and returned to their pri 
respect. He was asked to contribute articles on agri- devastated acres, the old soldier fired the shot which 1 
culture for the American Farmer. He regularly prepared _ brought his own life to an end on June 18, 1865. bis 
an agricultural column for the Richmond Enquirer. : ' 
De Bow’s Review published his picture with a biographi- SCIENTIFIC SIGNIFICANCE OF RUFFIN'S WORK * 
cal sketch in a series honoring prominent Southern In evaluating the stature of Edmund Ruffin as a soil J t,o 
leaders.” The Virginia Agricultural Society honored scientist his work and thought must be examined in J gi 
him for the agricultural revival he had‘stimulated and the light of his times as well as in the light of subse- tios 
= induced him to accept the presidency he had once re- quent developments. Since he has been called the 
z. jected. “Father of soil chemistry in America,” the fitness of 1 
4 In the meantime, the rift between North and South the appellation should be considered. Was he truly ae 
was widening. Ruffin had long held the opinion that an original pioneer or was his activity merely abortive? J ope 
the tariff policies of the North placed an intolerable To be truly the father of American soil chemistry his scie 
burden on southern agriculture. He was determined work must have been original, valid, and important, I 
that secession was the only answer. In 1855hegaveup while establishing the basis of a continuing tradition. ii 
farming and divided among his children the estate Ruffin was clearly a self-trained worker who never a 
whose value he had built up to about $200,000. His sat at the feet of an outstanding teacher. Theinfluence § ont 
life was now dedicated to the cause of secession. Except of his one college year must have been negligible since J prec 
- for arranging for the reprinting of some of his earlier he was ejected for flagrant neglect of studies.’® It is “ee 
. articles in a volume of “‘Essays on Agriculture,’ his pen not possible to learn much about his courses since a 
- was busy in the defense of slavery as a necessary south- fire has destroyed the college records of the time. It J beer 
5 ern institution. When John Brown raided Harper’s is unlikely that he studied science while there. If he 
ci Ferry the news raised Ruffin to fury. In order to see did, his instructor must have been Bishop James Madi- J | A 
Brown’s execution, an event open only to a military sion, president of the college, who died in March of that § ty. 
guard, he wangled permission to join the cadets at Vir- college year. Sau 
ginia Military Institute. For one day he marched Despite his unsatisfactory academic experience he § 8 
d and observed with men who might have been his never showed the practical farmer’s traditional sus- J Eve 
aS grandsons. When he returned home he carried one of _picion of the academic. In fact, he himself suffered the that 
a the iron pikes Brown had brought from the North to taunts of the traditionalists and heard his marl pits § 24 
es arm the slaves. He arranged to have one of these pikes called ‘“Ruffin’s folly” and himself called a “book- § “Or 
ua sent to the governor of each of the southern states with farmer.’’ He was goaded to write an anonymous defense § othe 
- the request that it be displayed “in some conspicuous of book-farming in an early issue of the Farmers’ Regis- thec 
nd position in the State House.” ter®° in which he repeated the jibes aimed at the farming § 5!9g 
fe The following months were spent in whipping up abilities of Lord Kames, Young, Rozier, Marshall, and Ir 
2 enthusiasm for secession. When Virginfa hesitated to Davy, and drew solace from the realization that pioneers § the: 
ae follow the lead of South Carolina in voting a break everywhere suffered such treatment. yses 
gS with the Union he renounced his allegiance to his home Ruffin’s reading was clearly responsible for the growth § prof 
me state and declared himself a citizen of the seceded of his ideas. Taylor’s “Arator’ led him to try new J —— 
:: Confederate States. When the siege of Fort Sumpter methods. He became familiar with the extensive am 
was being organized he attached himself tothe Palmetto agricultural writings of Arthur Young, with William ba 
Guards and applied himself seriously to the role of Marshall’s “General Survey . . . of the Rural Economy § yew 
soldier. Following the decision to attack, Ruffin was of England’’ (1789-99), with Richard Kirwan’s “Essay 22 | 
selected for the honor of firing the first artillery shell on Manures’’ (5th ed., 1802), and with William Grisen- J Chen 
of the war, a duty he carried out with great pride. thwaite’s “New Theory of Agriculture” (1819). Davy’s § 
The days which followed were exhilarating though book stimulated him to try experiments with marl. - 
wearing for the 67-year old campaigner. He soon 24 
returned to the family acres but in July had rejoined his Prem Chapa it 1000, 
comrades in arms in the fighting around Bull Run. 19 Eiuis, H. G., John P. Branch Hist. Papers of Randolph-Macon =f 
ss However, military life was too strenuous for the willing College, 3, 99-123 (1910). Also see refs. 2, 10,17. _ a th. 
but frail old man. Undoubtedly, it was an incon- ™ Farmers’ Register, 2, 17-9 (1834). Reprinted in “Essays 


and Notes on Agriculture,” J. W. Randolph, Richmond, Va. 
1855, pp. 278-85. 


17 De Bow’s Southern & Western Review, 11, 431-6 (1851). - 
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He read French well enough to translate Puvis’ “De 
l'emploi de la chaux en agriculture.’’?! Rozier’s “Cours 
complet d’ agriculture pratique” was a ready reference. 
In later years, the French edition of Berzelius’ text- 
Look came into his possession. Geology also claimed 
his attention and he referred repeatedly to Cleaveland’s 
“Mineralogy,” Shepard’s “Mineralogy,’’ and Lyell’s 
“Principles of Geology” as well as to the British and 
American geological surveys which were coming into 
print during his lifetime. 

He studied the agricultural literature, not only in 
his younger days when he was searching for answers to 
pressing practical problems, but throughout his life- 
time. He was profoundly impressed by Boussingault’s 
treatise when it was published in America.”? In the 
fifth edition of his ‘“Essay’’ Ruffin showed his admira- 
tion for Boussingault’s work with the remark,”* 


The author, besides being one of the most profound and able 
of modern chemists, and who has directed much research to agri- 
cultural chemistry, was also a practical farmer, on a scale of 
operations sufficient to inform him how to properly direct his 
scientific operations. 


His admiration for Johnston’s ‘Lectures’’** was 
almost equally great since,” 


on these subjects, he is more full of information than any or all 
preceding authors, because able to draw from, compare, and 
decide upon the views of all his predecessors, with the aid of the 
latest information as to European scientific research and agricul- 
tural practice and results—and which advantages seem to have 
been used with ability and discretion. 


At the same time, he was not overwhelmed by author- 
ity. In his very first publication he took issue with de 
Saussure because his own analysis of plant ashes failed 
to agree with a statement made by the Swiss chemist.” 
Even the great Liebig failed to inspire the awe in Ruffin 
that he received from many other American, English, 
and Continental: agriculturists. Ruffin reviewed his 
“Organic Chemistry”’ critically and found at least two 
other occasions to speak disparagingly of Liebig’s 
theories of soil fertility.” He clearly considered Bous- 
singault a better thinker and experimenter than Liebig. 

In addition to his wide reading he drew heavily on 
the aid of leading American scientists of hisday. Anal- 
yses of marl samples by William Barton Rogers, then 
professor of natural philosophy at William and Mary 


21 Puvis, M. A., “Essay on the Use of Lime as a Manure,” 
trans. by E. Rurrri, with an introduction, explanatory of agri- 
cultural chemistry, by James Renwick, Scatchard & Adams, 
New York, 1836. 

22 BoussinGauwtt, J. B., “Rural Economy in Its Relations with 
Chemistry, Physics, and Meteorology,” trans. with an introduc- 
tion and notes by Grorcr Law, D. Appleton & Co., New York, 
1345. 

23 “Hssay,” 5th ed., p. 54n. 

24 JoHNSTON, J. F. W., “Lectures on Agricultural Chemistry 
and Geology,” Wiley & Putnam, New York, 1843. 

% See ref. 23. 

6 See ref. 7, p. 316. More extensive discussion is to be found 
in the “Essay,’’ 5th ed., p. 81. 

™ Farmers’ Register, 9, 459-69 (1841); “Essay,” 5th ed., pp. 
151, 246. 


4ll 


College, were reported in the tenth number of Farmers’ 
Register. Charles Upham Shepard of Yale was engaged 
to make analysis of greensand from the Coggin’s Point 
farm. The results were reported with comparisons to 
greensand analyses made by Berthier, Seybert, W. B. 
Rogers, Vauquelin, T. Thomson, and Klaproth.* 
James Curtis Booth of Philadelphia, who possessed the 
German edition of Berzelius’ textbook, was called upon 
for aid in clarifying an error found in Ruffin’s French 
edition. Michael Tuomy, professor of geology at the 
University of Alabama, Thomas Cooper, president of 
the University of South Carolina, and others were 
drawn into the Ruffin orbit at one time or another. 

The essence of Ruffin’s ideas on soil fertility in the 
tide-water South is found in the several editions of his 
“Essay.’’ Though the format of the book changed 
repeatedly, every edition contained a first section on 


% “Essay,” 3rd ed., pp. 221-4. 


Courtesy of Appleton-Century-Crofts 
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theory, a second on the practical aspects of mariing, 
and an appendix of heterogeneous material, some having 
no relation to the subject of the book; e. g., “On the 
sources of malaria,” “Some effects of slavery on agri- 
cultural profits.’’ The third and fifth editions, partic- 
ularly the latter, represent major revisions and reveal 
the author’s awareness of new developments in agri- 
cultural science. 

Ruffin’s thesis is best expressed in his five proposi- 
tions, as follows: 

(1) Soils naturally poor, and rich soils reduced to 
poverty by cultivation, are essentially different in 
their powers of retaining putrescent manures; and 
under like circumstances the fitness of any soil to be 
enriched by these manures is in proportion to what was 
its natural fertility. 

(2) The natural sterility of the soils of Lower 
Virginia is caused by such soils being destitute of cal- 
careous earth, and their being injured by the presence 
and effects of vegetable acid. 

(3) The fertilizing effects of calcareous earth are 
chiefly produced by its power of neutralizing acids, and 
of combining putrescent manures with soils, between 
which there would otherwise be but little if any chemi- 
cal attraction. 

(4) Poor and acid soils cannot be improved durably, 
or profitably, by putrescent manures, without previously 
making them calcareous, and thereby correcting the 
defect in their constitution. 

(5) Caleareous manures will give to our worst 
soils a power of retaining putrescent manures equal 
to that of the best—and will cause more productiveness, 
and yield more profit, than any other improvement 
practicable in Lower Virginia.” 

One detects in the five propositions, and particularly 
in their subsequent discussion in the theoretical chap- 
ters, three concepts basic to successful agriculture: (1) 
species variability, (2) limiting conditions, and (3) 
soil reaction. 

Ruffin observed the growth of pine, broom grass, 
whortleberry, and sorrel on land where clover failed 
to thrive. After marling these lands, clover grew well 
but the weeds failed. He noticed that the nutritional 
and environmental requirements of species varied from 
one to another. He was not original in this matter for 
this type of observation had been at least unconscious 
knowledge throughout the history of agriculture. 
Ruffin merely made shrewd use of the observation in 
noting where soil changes needed to be made if agri- 
culture were to be successful. 

The concept of limiting conditions is apparent when 
Ruffin spoke of the “power of soils to retain putrescent 
manures’ and the “capacity of soils for improvement.” 
When the addition of fertilizers fails to result in im- 
proved crops it becomes evident that something is miss- 
ing which neither the soil nor the fertilizer is supplying. 


29 “Essay,” Ist ed., p. 29-30. These propositions were re- 
- worded from their statement in the original essay (ref. 7). They 


are present in essentially the above form in Chap. 3 of all editions 
of the “Essay.” 
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A limiting factor is preventing satisfactory plant growth. 
It may be an essential chemical element or it may be 
environmental. Unless corrected, the soil has no 
“capacity for improvement.’”’ The application of 
corrected the limiting condition on Ruffin’s farms and 
the farms of his disciples. The concept, however, was 
never developed beyond the theory that marl gave the 
soil the capacity to retain putrescent manures. 

Fimally, the concept of optimum soil reaction was 
most clearly developed in Ruffin’s mind. His language 
was in terms of acidity and the use of calcareous mate- 
rials as neutralizing agents. While he said little abou: 
alkalies he was, nevertheless, aware of the harmful! 
effects of excessive use of marl though not clear as to 
the reasons for the harm. . A chapter in his “Essay” 
dealt with the danger of overmarling and the alleviation 
of the harm. 

At a time when his only clue to the presence of acid in 
soil was furnished by Davy’s statement about iron 
salts, which Ruffin failed to detect, he went on to work 
out his ideas. In his own words,® 


In all naturally poor soils, producing freely, in their virgin 
state, pine and whortleberry, and sorrel after cultivation, I sup- 
pose to have been formed some vegetable acid, which, after taking 
up whatever small quantity of lime might have been present, still 
remains in excess in the soil, and nourishes in the highest degree 
the plants named above, but is a poison to all useful crops; and 
effectually prevents such soils becoming rich, from either natural 
or artificial applications of putrescent manures. 


In later years he was to show a jealous pride in his 
idea that there was vegetable acid in the soil. His 
sensitivity to criticism is revealed in the fifth edition 
of his “Essay”’ where, to establish the priority of his 
idea, he reprinted Chapters 2-8 verbatim from the 
first edition in order to show the complete development 
of his theoretical ideas by 1832. Where additions and 
alterations were included from subsequent editions, 
they were dated and enclosed in square brackets so 
that readers might detect any departure from the 
author’s original thought. 

Ruffin was elated when he read in James Rennie’s 
“Alphabet of Scientific Gardening’’ (1833) that Poly- 
dore Boullay*! and Carl Sprengel*? had demonstrated 
the presence of such an acid in soil. He quoted® 
extensively from Rennie and when he found the subject 
treated in the textbook of Berzelius he translated the 
extract for inclusion in the appendix of the third and 
fourth editions of the ‘‘Essay.’’ When Thaer’s treatise 
came into his hands he was stimulated to write, ‘“Even 
to this day, Von Thaer is the only agricultural chemist 
known who affirms, with me, this important evil quality 
of the acid of the soil.’’** The passage responsible for 
this statement read, “This acid or sour humus is not 
at all of a fertilizing nature; on the contrary it is pre- 


% “‘Rissay,” Ist ed., p..66. The same statement is in Chap. 
7 in all subsequent editions. It occurred in rudimentary form in 
ref, 7. 

31 Ann. chim. phys., 43, 273-85 (1830). 

32 Erdmann’s J. tech. 6kon. Chem., 10, 118-20 (1831). 

33 “Essay,” 3rd. ed., p. 54. 

34 Jbid., 5th ed., p. 86n. 
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judicial to vegetation.”’** Ruffin speculated as to when 
Thaer arrived at these views, inferring it to be after 
the discovery of “humic”’ acid by Boullay and Sprengel. 
He evidently failed to notice the prefatory biography 
in the volume which placed Thaer’s death in 1828 and 
the publication of the German edition of the work 
ynetween 1810-12. 

Ruffin’s claim to priority for his concept was further 
armed by his own pen. In all versions of the “Essay”’ 
he mentioned that Dundonald alone “supposes vege- 
cable acids to be abundantly formed in soils, and by 
uniting with the calcareous earth present, to form salts 

of Jime.’’** The ninth Earl of Dundonald (Archibald 
Cochrane) published his “Treatise shewing the inti- 
mate ¢onnection that subsists between Agriculture and 
Chemistry” in 1795. The author showed the influence 
of Lavoisier’s theories when he postulated the oxidation 
of vegetable material in the soil with oxalic acid as the 
end product, Ruffin dismissed the Earl’s theory as too 
universal and too speculative since neither the Earl, nor 
Kirwan, nor Davy had ever detected the acid by analy- 
sis. At the same time he contended that something was 
present which he would ¢all acidity though the chemists 
would have to determine the nature and properties of 
the substance, Jt may be that Ruffin arrived at his 
speculative opinion regarding soil acidity independently 
and saw Dundonald’s book later but his own writings 
refute his priority on the idea for he was a babe in arms 
when Dundonald’s book was written. 

In recognizing the acidic condition of the soil of the 
South he was certainly a pioneer. In suggesting the use 
of marl, however, he was merely repeating the advice 
of Davy and of many others before him. The first use 
of calcareous substances is lost in antiquity. The elder 
Pliny tells us that the Romans found marl being used in 
Gaul and Britain,*7 Chalk-like minerals had at least 
intermittent use for soil improvement throughout his- 
tory. According to Truog, lime was used in a few cases 
in colonial times.** The practice spread in the nine- 
teenth century but attained consistency only in Pennsyl- 
vania. Thus, Ruffin was not originating a new prac- 
tice when he called attention to the need for calcareous 
manure in his own district. 

His agitation for the use of marl performed a positive 
good. Not only was calcareous material needed on the 
soil but he called attention to an economical source in 
the marl beds to be found on many of the farms in the 
river valleys. The salutary effect of marling on farm 
prosperity in Virginia has already been noted. Truog, 
in referring to the depleted state of the farm lands at 

% Tuarr, A, D., ‘Principles of Agriculture,” trans. by W. 
SHaw anp C, W. Jounson, Greeley & McElrath, New York, 
1846, p. 170. Bound with this work as Vol. 1 of Skinner’s 
Farmer’s Library was A, PerzHoupr’s “Agricultural Chemistry.” 
Ruffin never referred to Petzholdt. 

% Ref. 7, p. 317 or “Essay,” Chap. 7. 

Gaius Sgcunpus, ‘Naturalis Historia,” Book 17, 
Chap. 4, §42-8, 77. Puiny, ‘Natural History,” with an 
Unglish Translation by H. Loeb Classical Library, 
Harvard University Press, Cambridge, 1950, Vol. 5, pp. 28-35. 


% Truoa, E., “Yearbook of Agriculture,” U, 8. Dept. of Agri- 
culture, Washington, 1938, p. 563, 


413 


Mount Vernon during Washington’s later years, said 
in his presidential address before the American Society 
of Agronomy, “The use of lime would probably have 
deferred the advent of failing crops by 25 to 50 years, 
that is, until phosphorus and potassium became limiting 
elements.’’*® The statement holds equally well for the 
soils throughout much of the tide-water South. To the 
extent that Ruffin’s teachings were followed they 
brought distinct benefits. 

At the same time, it must be recognized that Ruffin’s 
proposals were only a partial solution of the problems. 
Correction of soil acidity, while important, could not 
accomplish a permanent solution. As Zirkle has pointed 
out, the soil of the region is light and sandy, rainfall is 
heavy, and the land had been covered with forests for 
centuries.*° Once the land was cleared the natural 
equilibrium was upset. Rapid depletion of the heavy 
load of accumulated humus made the light soil unable 
to retain mineral elements under the leaching action of 
heavy rainfall. Merely correcting the soil reaction 
could achieve only temporary benefits before some other 
limiting factor came into operation. 


The Civil War and the sores of Reconstruction 
brought an end to the influence of Ruffin’s teaching. 
He failed to establish a tradition carrying beyond his 
own day. Examination of works on soils and fertilizers 
reveals a general lack of awareness of his influence until 
recent decades. Small-scale liming operations on an 
empirical basis continued through the years. Modern 
developments in the control of soil acidity stem from the 
work of Homer Jay Wheeler in Rhode Island.*! The 
agricultural experiment stations played a significant 
role from that time in making the American farmer 
conscious of the importance of correct soil reaction. 
The activities of William Frear in Pennsylvania, C. G. 
Hopkins in Illinois, and, more recently, Emil Truog in 
Wisconsin have been particularly noteworthy. The 
application of scientific study to the whole problem of 
soil fertility has led to a more balanced understanding 
than could have been possible in Ruffin’s day. Reli- 
able tests for soil acidity have been developed and the 
physico-chemical mechanism of soil reaction is begin- 
ning to be understood. Nevertheless, the use of cal- 
careous minerals still falls far short? of the optimum 
usage. 

In conclusion, it becomes impossible to credit Ed- 
mund Ruffin with any high degree of originality as a 
soil scientist. Despite his claims to the contrary, his 
idea that soil acidity was due to the presence of vege- 
table acid was anticipated by Dundonald. To the ex- 
tent that Dundonald’s ideas were based upon specula- 
tion rather than on experiment, so too were Ruffin’s. 
No experiments of Ruffin showed the presence of vege- 
table acids in the soil. 

He can certainly be designated a soil chemist. He 
trained himself to understand chemical terms and to 


89 Truoa, E., J. Am. Soc. Agronomy, 30, 979 (1938). 

ZmRKLE, C., Isis, 34, 355-9 (1943). 

41 Wueewer, H. J., et al., Rhode Island Agr. Expt. Sta. Rept., 
1893, pp. 206-72; 1894, pp. 152-67; 1895, pp. 193-214; et seq. 


= 

and 

atural 

n his | 
His 

lition 

of his 

1 the 

ment 

s and 

tions, 

‘ts so | 

1 the 

nnie’s 

Poly- 

rated 

oted 

ibject 

d the 

1 and 


414 


analyze soils and marl for calcium carbonate. He under- 
stood the error inherent in his procedure and recog- 
nized the greater accuracy of Davy’s pneumatic method. 
While his work was, at best, only semiquantitative it 
was adequate for his ends. 

As an experimental farmer his work was again only 
semiquantitative. While he was able to demonstrate 
benefits due to use of marl, his records, though exten- 
sive, are generally uninformative due to lack of sys- 
tematic controls. 

His real stature lies, not in his originality as an agri- 
cultural scientist, but in his enthusiastic attack of prac- 
tical agricultural problems with the aid of contemporary 
science and in his activities as a publicist, urging the 
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application of scientific knowledge to agriculture. 
Though he established no continuing tradition he was 
truly a pioneer. 
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T nis switching arrangement and potential recorder 
was planned primarily for polarographic work, but may 
be adapted to many other uses which employ small 
changes of potential or current to measure or control 
chemical processes. 


RECORDER UNIT 


The strip-chart recorder was originally a war-surplus 
recorder of the multiple printing type, which recorded 
information from seven thermocouples at what appeared 
to be quarter-minute intervals, the chart moving one 
division per hour. The paper drive mechanism was 
modified to move the paper at either one and one-half, 
or three divisions per minute, and turn a_ potenti- 
ometer (R, of Figure 1) at the rate of 25 degrees per 
minute. This potentiometer, (shown as / in Figure 2), 
by means of which a varying potential is applied to 
the polarograph cell, is mounted on the revolving, worm- 
gear-driven table from an A-5 Auto Pilot Gyro (Part 
No. 656029 M-1). The balance and print mechanism 
of the original recorder was removed and replaced by a 
two-phase (Minneapolis-Honey well) motor which drives 
the continuous balance potentiometer (RK, of Figure 1) 
and the recorder pen. Two motors have been tried, 
4 and 162 r. p. m., the latter being preferred, as full 
seale travel of the chart requires only 3.2 seconds with 
this motor. This motor i« controlled by a Brown 
Eleetronik Amplifier Five millivolts drop of potential 
vserom Ry was arbitrarily adopted when it was decided 


A RECORDER FOR POLAROGRAPHY 
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that the resistance of Rg should be 20 ohms. Sub- 
sequent discovery that a potentiometer of 25 ohms 
resistance was available required that a 100-ohm shunt 
be placed across it, as all the other resistors of the 
biasing and standardizing network for the amplifier 
and recorder had been assembled by this time. This 
proved fortunate as it allowed inclusion of the 100-ohm 
potentiometer and switch S; of Figure 1, by means of 
which the recorder pen may be ‘‘zeroed” at any posi- 
tion on the chart. This is of considerable advantage 
in the recording of several polarograms on the same 
chart, and in the recording of potential changes in 
titrations where the polarity of electrodes changes as 
the titration proceeds. Smooth, positive contact of 
the slider with the potentiometer wire is an essential 
to proper operation. Any oxidized coating over that 
portion of the wire where contact should be made may 
be removed with a very fine sandpaper, the wire cleaned 
carefully and coated with white petroleum jelly. 
Poor contacts and bad capillaries account for most ol 
the troubles experienced in polarographic work. An- 
other appendage on the recorder unit, though not used 
in polarography, is a Bendix Synchro generator 
(C 78248; 3 of Figure 2), geared 1 : 1 to the main drive 
shaft of the chart drive mechanism which turns at the 
rate of 25 r. p.m. This generator may be connected 
electrically to a synchro motor, and thus serve as 
remote drive for other apparatus external to the re 
corder yet synchronized with the movement of the 
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chart. The pen, pointer, and holder are attached to a 
light metal carriage which slides across a '/,-in. guide- 
bar. The carriage is pulled along the track by a stain- 
less steel wire attached to the grooved wheel to which 
the potentiometer is bolted. 


POLAROGRAPH SWITCHING UNIT 


Figure 1 shows the wiring diagram of this unit which 
may be considered to have four integrated parts: 
the power supply with its voltage selector at the right 
of the diagram, the current selector in the lower two 
thirds of the central portion, the amplifier power and 
bias portion at the left, with the standardizing or 
calibrating unit in the top third of the middle portion. 
Potentiometers R4 and Rg, mounted in the recorder 
unit, are drum-type potentiometers. . All fixed resis- 
tors are precision type (+0.2 per cent), and all switches 
have either two or four contacts, parallel-connected to 
avoid contact trouble. 

The power circuit for the electrode system makes 
provision for controlling the range and polarity of the 
potentials applied to the electrodes. Polarity is 
cevermined by the position of the four-pole, two- 
osition switch labeled Ox-Red in the diagram. The 
| ur-pole, five-position switch (S,) allows selection of 

Oto 1,0 to —2, to —3,0t0 —4, 
\o ~2 volte, when the former switch is in the 
ton position. To obtain the first four ranges, the 


switch in the mercury pool circuit is set to the position 
marked Normal, the last range being obtained only if 
this switch is in the position marked Polar. 

The current selector consists of a two-pole, eight- 
position switch which inserts one of the resistors in 
series with the electrode system. The current ranges 
are 1, 2, 5, 10, 20, 50, 100, and 250 microamperes. One 
microampere through the 5000-ohm resistor will result 
in a drop of potential of 5 mv. across it, as also will 
two microamperes through the 2500-ohm resistor. 
The two lower gangs of the Ox-Red switch maintain the 
proper polarity of this voltage. Damping of the oscil- 
lations of the recorder pen with tHe formation and 
growth of each fresh drop of mercury is accomplished by 
insertion of capacitors across the jacks labeled Cond. in 
Figure 1. The polarity to be observed with electrolytic 
capacitors is marked on the diagram. 

_ The amplifier power and biasing portion is a switch- 

ing arrangement by means of which the before-men- 
tioned 5-mv. drop of potential across the continuous- 
balance potentiometer is maintained. As can be seen 
from the diagram, no bias is applied to the recorder 
when switch S, is in the position indicated and switch 
S, set to the right, and a potential drop of from sero 
to 5 mv. may be recorded. Should &, be set to the 
next position, S, being still to the right, a 2'/ -millivolt 
bias will be applied to Ry», and the recorder may now 
register potential differences of bet ween 2.5 and 7 
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were almost $6000.) His agricultural pursuits were show- 
ing a prosperity which appeared to justify the > cars of 
effort 

The prosperity at Marlhourne was part of a general 
prosperity which had come to the tide-water South at 
this time. While by no means due entirely to use of marl 
there appears to he general agreement that improv ed 
methods of farming were a factor. It was becoming 
apparent that Ruffin, far from being a prophet without 
honor among his own people, had been listened to with 
respect. He was asked to contribute articles on agri- 
culture for the American Farmer. He regularly prepared 
an agricultural column for the Richmond Enquirer. 
De Bow’s Review published his picture with a biographi- 
cal sketch in a series honoring prominent Southern 
leaders." The Virginia Agricultural Society honored 
him for the agricultural revival he had stimulated and 
induced him to accept the presidency he had once re- 
jected. 

In the meantime, the rift between North and South 
was widening. Ruffin had long held the opinion that 
the tariff policies of the North placed an intolerable 
burden on southern agriculture. He was determined 
that secession was the only answer. In 1855 he gave up 
farming and divided among his children the estate 
whose value he had built up to about $200,000. His 
life was now dedicated to the cause of secession. Except 
for arranging for the reprinting of some of his earlier 
articles in a volume of “Essays on Agriculture,’’ his pen 
was busy in the defense of slavery as a necessary south- 
ern institution. When John Brown raided Harper’s 
Ferry the news raised Ruffin to fury. In order to see 
Brown’s execution, an event open only to a military 
guard, he wangled permission to join the cadets at Vir- 
ginia Military Institute. For one day he marched 
and observed with men who might have been his 
grandsons. When he returned home he carried one of 
the iron pikes Brown had brought from the North to 
arm the slaves. He arranged to have one of these pikes 
sent to the governor of each of the southern states with 
the request that it be displayed “in some conspicuous 
position in the State House.” 

The following months were spent in whipping up 
enthusiasm for secession. When Virginia hesitated to 
follow the lead of South Carolina in voting a break 
with the Union he renounced his allegiance to his home 
state and declared himself a citizen of the seceded 
Confederate States. When the siege of Fort Sumpter 
was being organized he attached himself to the Palmetto 
Guards and applied himself seriously to the role of 
soldier. Following the decision to attack, Ruffin was 
selected for the honor of firing the first artillery shell 
of the war, a duty he carried out with great pride. 

The days which followed were exhilarating though 
wearing for the 67-year old campaigner. He soon 
returned to the family acres but in July had rejoined his 
comrades in arms in the fighting around Bull Run. 
However, military life was too strenuous for the willing 
but frail old man. Undoubtedly, it was an incon- 


1 De Bow’s Southern & Western Review, 11, 431-6 (1851). 
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venience to provide transportation for him aboard the 
caissons as the troops deployed and he reluctant 
realized that he must return to the less exacting [ip 
of the plantation 

Even there he saw the war come to him, as the Cag. 
gin's Point plantation and his beloved Marlbourne wer 
pillaged by the Union forces. Depression bore dow 
on him as the South was slowly crushed by the economy 
resources of the enemy. Finally, after the Confederate 
troops laid down their arms and returned to theip 
devastated acres, the old soldier fired the shot whieh 
brought his own life to an end on June 18, 1865 


SCIENTIFIC SIGNIFICANCE OF RUFFIN'S WORK 


In evaluating the stature of Edmund Ruffin as a soil 
scientist his work and thought must be examined jp 
the light of his times as well as in the light of subse. 
quent developments. Since he has been called the 
“Father of soil chemistry in America,’’” the fitness of 
the appellation should be considered. Was he truly 
an original pioneer or was his activity merely abortive? 
To be truly the father of American soil chemistry his 
work must have been original, valid, and important, 
while establishing the basis of a continuing tradition, 

Ruffin was clearly a self-trained worker who never 
sat at the feet of an outstanding teacher. The influence 
of his one college year must have been negligible since 
he was ejected for flagrant neglect of studies.'’ It is 
not possible to learn much about his courses since 
fire has destroyed the college records of the time. It 
is unlikely that he studied science while there. If he 
did, his instructor must have been Bishop James Madi- 
sion, president of the college, who died in March of that 
college year. 

Despite his unsatisfactory academic experience he 
never showed the practical farmer’s traditional sus- 
picion of the academic. In fact, he himself suffered the 
taunts of the traditionalists and heard his marl pits 
called “Ruffin’s folly’’ and himself called a ‘“‘book- 
farmer.’’ He was goaded to write an anonymous defense 
of book-farming in an early issue of the Farmers’ Regis- 
ter? in which he repeated the jibes aimed at the farming 
abilities of Lord Kames, Young, Rozier, Marshall, and 
Davy, and drew solace from the realization that pioneers 
everywhere suffered such treatment. 

Ruffin’s reading was clearly responsible for the growth 
of his ideas. Taylor’s “Arator’’ led him to try new 
methods. He became familiar with the extensive 
agricultural writings of Arthur Young, with William 
Marshall’s ‘‘General Survey . . . of the Rural Economy 
of England’’ (1789-99), with Richard Kirwan’s “Essay 
on Manures”’ (5th ed., 1802), and with William Grisen- 
thwaite’s Theory of Agriculture” (1819). Davy’ 
book stimulated him to try experiments with marl. 


18 Ref. 2, p. 60. Dues, E. J., “Titans of the Soil,’”’ University 
of North Carolina Press, Chapel Hill, 1949, p. 55. 

'? Exuis, H.G., John P. Branch Hist. Papers of Randolph-Macon 
College, 3, 99-123 (1910). Also see refs. 2, 10, 17. 

20 Farmers’ Register, 2, 17-9 (1834). Reprinted in “Essays 
and Notes on Agriculture,” J. W. Randolph, Richmond, Va. 
1855, pp. 278-85. 
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He read French well enough to translate Puvis’ “De 
Vemploi de la chaux en agriculture.”*' Rogier’s “Cours 
complet d’ agriculture pratique” was a ready reference 
the French edition of Berzelius’ text- 
Creology also claimed 


In later vears 
hook came nto his Possession 
his attention and he referred repeatedly to Cleaveland's 
“Mineralogy Shepard's “Mineralogy,” and Lyell's 
“Principles of Geology” as well as to the British and 
\merican geological surveys which were coming into 
print during his lifetime 

He studied the agricultural literature, not only in 
his younger days when he was searching for answers to 
pressing practical problems, but throughout his life- 
time. He was profoundly impressed by Boussingault's 
treatise when it was published in America.”? In the 
fifth edition of his “Essay”? Ruffin showed his admira- 
tion for Boussingault’s work with the remark,?* 


The author, besides being one of the most profound and able 
of modern chemists, and who has directed much research to agri- 
cultural chemistry, was also a practical farmer, on a scale of 
operations sufficient to inform him how to properly direct his 
scientific operations. 

“Lectures” 


His admiration for Johnston’s 
25 


almost equally great since,? 


was 


on these subjects, he is more full of information than any or all 
preceding authors, because able to draw from, compare, and 
decide upon the views of all his predecessors, with the aid of the 
latest information as to European scientific research and agricul- 
tural practice and results—and which advantages seem to have 
been used with ability and discretion. 


At the same time, he was not overwhelmed by author- 
ity. In his very first publication he took issue with de 
Saussure because his own analysis of plant ashes failed 
to agree with a statement made by the Swiss chemist.” 
Even the great Liebig failed to inspire the awe in Ruffin 
that he received from many other American, English, 
and Continental agriculturists. Ruffin reviewed his 
“Organic Chemistry”’ critically and found at least two 
other occasions to speak disparagingly of Liebig’s 
theories of soil fertility.” He clearly considered Bous- 
singault a better thinker and experimenter than Liebig. 

In addition to his wide reading he drew heavily on 
the aid of leading American scientists of hisday. Anal- 
yses of marl samples by William Barton Rogers, then 
professor of natural philosophy at William and Mary 


*Puvis, M. A., “Essay on the Use of Lime as a Manure,” 
trans. by E. Rurrrn, with an introduction, explanatory of agri- 
cultural chemistry, by James Renwick, Scatchard & Adams, 
New York, 1836. 

BoussInGAtLt, J. B., “Rural Economy in Its Relations with 
Chemistry, Physics, and Meteorology,” trans. with an introduc- 
tion and notes by Georcr Law, D. Appleton & Co., New York, 
1845. 

“Hssay,”’ 5th ed., p. 54n. 

* Jounston, J. F. W., “Lectures on Agricultural Chemistry 
and Geology,” Wiley & Putnam, New York, 1843. 

% See ref. 23. 

_ ®See ref. 7, p. 316. More extensive discussion is to be found 
in the “Essay,” 5th ed., p. 81. 

” Farmers’ Register, 9, 459-69 (1841); “Essay,” 5th ed., pp. 

151, 246. 
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College, were reported in the tenth number of Farmers’ 
Register. Charles Upham Shepard of Yale was engaged 
to make analysis of greensand from the Coggin's Point 
farm. ‘The results were reported with comparisons to 
greensand analyses made by Berthier, Seybert, W. B 
Rogers, Vauquelin, T. Thomson, and Klaproth.” 
James Curtis Booth of Philadelphia, who possessed the 
German edition of Berzelius’ textbook, was called upon 
for aid in clarifying an error found in Ruffin'’s French 
edition. Michael Tuomy, professor of geology at the 
University of Alabama, Thomas Cooper, president of 
the University of South Carolina, and others were 
drawn into the Ruffin orbit at one time or another. 

The essence of Ruffin’s ideas on soil fertility in the 
tide-water South is found in the several editions of his 
“Essay.”’ Though the format of the book changed 


repeatedly, every edition contained a first section on 


“Essay,” 3rd ed., pp. 221-4. 


Courtesy of Appleton-Century-Crofts 
Edmund Ruffin as a Palmetto Guard 
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theory, a second on the practical aspects of marling, 
and an appendix of heterogeneous material, some having 
no relation to the subject of the book; e. g., “On the 
sources of malaria,” “Some effects of slavery on agri- 
cultural profits.’”’ The third and fifth editions, partic- 
ularly the latter, represent major revisions and reveal 
the author’s awareness of new developments in agri- 
cultural science. 

Ruffin’s thesis is best expressed in his five proposi- 
tions, as follows: 

(1) Soils naturally poor, and rich soils reduced to 
poverty by cultivation, are essentially différent in 
their powers of retaining putrescent manures; and 
under like circumstances the fitness of any soil to be 
enriched by these manures is in proportion to what was 
its natural fertility. 

(2) The natural sterility of the soils of Lower 
Virginia is caused by such soils being destitute of cal- 
careous earth, and their being injured by the presence 
and effects of vegetable acid. 

(3) The fertilizing effects of calcareous earth are 
chiefly produced by its power of neutralizing acids, and 

f combining putres¢ent manures with soils, between 
which there would otherwise be but little if any chemi- 
cal attraction. 

(4) Poor and acid soils cannot be improved durably, 
or profitably, by putrescent manures, without previously 
making them calcareous, and thereby correcting the 
defect in their constitution. 

(5) Caleareous manures will give to our worst 
soils a power of retaining putrescent manures equal 
to that of the best—and will cause more productiveness, 
and yield more profit, than any other improvement 
practicable in Lower Virginia.” 

One detects in the five propositions, and particularly 
in their subsequent discussion in the theoretical chap- 
ters, three concepts basic to successful agriculture: (1) 
species variability, (2) limiting conditions, and (3) 
soil reaction. 

Ruffin observed the growth of pine, broom grass, 
whortleberry, and sorrel on land where clover failed 
to thrive. After marling these lands, clover grew well 
but the weeds failed. He noticed that the nutritional 
and environmental requirements of species varied from 
one to another. He was not original in this matter for 
this type of observation had been at least unconscious 
knowledge throughout the history of agriculture. 
Ruffin merely made shrewd use of the observation in 
noting where soil changes needed to be made if agri- 
culture were to be successful. 

The concept of limiting conditions is apparent when 
Ruffin spoke of the “power of soils to retain putrescent 
manures”’ and the “capacity of soils for improvement.” 
When the addition of fertilizers fails to result in im- 
proved crops it becomes evident that something is miss- 
ing which neither the soil nor the fertilizer is supplying. 


29 “Essay,” Ist ed., p. 29-30. These propositions were re- 
worded from their statement in the original essay (ref. 7). They 
are present in essentially the above form in Chap. 3 of all editions 
of the “Essay.” 
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A limiting factor is preventing satisfactory plant growth, 
It may be an essential chemical element or it may be 
environmental. Unless corrected, the soil has yy 
“capacity for improvement.”’ The application of may 
corrected the limiting condition on Ruffin’s farms an 
the farms of his disciples. The concept, however, was 
never developed beyond the theory that marl gave the 
soil the capacity to retain putrescent manures. 

Finally, the concept of optimum soil reaction way 
most clearly developed in Ruffin’s mind. His language 
was in terms of acidity and the use of calcareous mate. 
rials as neutralizing agents. While he said little abou 
alkalies he was, nevertheless, aware of the harmfyj 
effects of excessive use of marl though not clear as to 
the reasons for the harm. A chapter in his “Essay” 
dealt with the danger of overmarling and the alleviation 
of the harm. 

At a time when his only clue to the presence of acid jn 
soil was furnished by Davy’s statement about iron 
salts, which Ruffin failed to detect, he went on to work 
out his ideas. In his own words,” 


In all naturally poor soils, producing freely, in their virgin 
state, pine and whortleberry, and sorrel after cultivation, I sup. 
pose to have been formed some vegetable acid, which, after taking 
up whatever small quantity of lime might have been present, stil 
remains in excess in the soil, and nourishes in the highest degree 
the plants named above, but is a poison to all useful crops; and 
effectually prevents such soils becaming rich, from either natural 
or artificial applications of putrescent manures. 


In later years he was to show a jealous pride in his 
idea that there was vegetable acid in the soil. His 
sensitivity to criticism is revealed in the fifth edition 
of his “Essay’”’ where, to establish the priority of his 
idea, he reprinted Chapters 2-8 verbatim from the 
first edition in order to show the complete development 
of his theoretical ideas by 1832. Where additions and 
alterations were included from subsequent editions, 
they were dated and enclosed in square brackets % 
that readers might detect any departure from the 
author’s original thought. 

Ruffin was elated when he read in James Rennie’ 
“Alphabet of Scientific Gardening’”’ (1833) that Poly- 
dore Boullay*! and Carl Sprengel*? had demonstrated 
the presence of such an acid in soil. He quoted" 
extensively from Rennie and when he found the subject 
treated in the textbook of Berzelius he translated the 
extract for inclusion in the appendix of the third and 
fourth editions of the “Essay.’’ When Thaer’s treatise 
came into his hands he was stimulated to write, “Eve 
to this day, Von Thaer is the only agricultural chemist 
known who affirms, with me, this important evil quality 
of the acid of the soil.’’*4 The passage responsible for 
this statement read, “This acid or sour humus is nd 
at all of a fertilizing nature; on the contrary it is pre 


» “Essay,” Ist ed., p..66. The same statement is in Chap. 
7 in all subsequent editions. It occurred in rudimentary formil 
ref. 7. 

31 Ann. chim. phys., 43, 273-85 (1830). 

32 Erdmann’s J. tech. ékon. Chem., 10, 118-20 (1831). 

33 “Essay,” 3rd. ed., p. 54. 

34 Jhid., 5th ed., p. 86n. 
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judicial to vegetation. Ruffin speculated as to when 
Thaer arrived at these views, inferring it to be after 
the discovery of ‘“‘humic’’ acid by Boullay and Sprengel. 
He evidently failed to notice the prefatory biography 
in the volume which placed Thaer’s death in 1828 and 
the publication of the German edition of the work 
between 1810-12. 

Ruffin’s claim to priority for his concept was further 
harmed by his own pen. In all versions of the “Essay” 
he mentioned that Dundonald alone ‘supposes vege- 
table acids to be abundantly formed in soils, and by 
uniting with the calcareous earth present, to form salts 
of lime.”’** The ninth Earl of Dundonald (Archibald 
Cochrane) published his “Treatise shewing the inti- 
mate connection that subsists between Agriculture and 
Chemistry” in 1795. The author showed the influence 
of Lavoisier’s theories when he postulated the oxidation 
of vegetable material in the soil with oxalic acid as the 
end product. Ruffin dismissed the Earl’s theory as too 
universal and too speculative since neither the Earl, nor 
Kirwan, nor Davy had ever detected the acid by analy- 
sis. At the same time he contended that something was 
present which he would eall acidity though the chemists 
would have to determine the nature and properties of 
the substance. It may be that Ruffin arrived at his 
speculative opinion regarding soil acidity independently 
and saw Dundonald’s book later but his own writings 
refute his priority on the idea for he was a babe in arms 
when Dundonald’s book was written. 

In recognizing the acidic condition of the soil of the 
South he was certainly a pioneer. In suggesting the use 
of marl, however, he was merely repeating the advice 
of Davy and of many others before him. The first use 
of calcareous substances is lost in antiquity. The elder 
Pliny tells us that the Romans found marl being used in 
Gaul and Britain.*7 Chalk-like minerals had at least 
intermittent use for soil improvement throughout his- 
tory. According to Truog, lime was used in a few cases 
in colonial times.** The practice spread in the nine- 
teenth century but attained consistency only in Pennsyl- 
vania. Thus, Ruffin was not originating a new prac- 
tice when he called attention to the need for calcareous 
manure in his own district. 

His agitation for the use of marl performed a positive 
good. Not only was calcareous material needed on the 
soil but he called attention to an economical source in 
the marl beds to be found on many of the farms in the 
river valleys. The salutary effect of marling on farm 
prosperity in Virginia has already been noted. Truog, 
in referring to the depleted state of the farm lands at 


*THarer, A. D., “Principles of Agriculture,” trans. by W. 
Suaw anv C. W. Jonnson, Greeley & McElrath, New York, 
1846, p. 170. Bound with this work as Vol. 1 of Skinner’s 
Farmer's Library was A. PerzHoupt’s “Agricultural Chemistry.” 
Ruffin never referred to Petzholdt. 

* Ref. 7, p. 317 or “Essay,” Chap. 7. 

Gaius Puintus Secunpvus, “Naturalis Historia,” Book 17, 
Chap. 4, 42-8, a.v. 77. Pury, “Natural History,” with an 
English Translation by H. Rock#am, Loeb Classical Library, 
Harvard University Press, Cambridge, 1950, Vol. 5, pp. 28-35. 

* Truoe, E., “Yearbook of Agriculture,” U. S. Dept. of Agri- 
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Mount Vernon during Washington’s later years, said 
in his presidential address before the American Society 
of Agronomy, “The use of lime would probably have 
deferred the advent of failing crops by 25 to 50 years, 
that is, until phosphorus and potassium became limiting 
elements.’’*’ The statement holds equally well for the 
soils throughout much of the tide-water South. To the 
extent that Ruffin’s teachings were followed they 
brought distinct benefits. 

At the same time, it must be recognized that Ruffin’s 
proposals were only a partial solution of the problems. 
Correction of soil acidity, while important, could not 
accomplish a permanent solution. As Zirkle has pointed 
out, the soil of the region is light and sandy, rainfall is 
heavy, and the land had been covered with forests for 
centuries.*° Once the land was cleared the natural 
equilibrium was upset. Rapid depletion of the heavy 
load of accumulated humus made the light soil unable 
to retain mineral elements under the leaching action of 
heavy rainfall. Merely correcting the soil reaction 
could achieve only temporary benefits before some other 
limiting factor came into operation. 

The Civil War and the sores of Reconstruction 
brought an end to the influence of Ruffin’s teaching. 
He failed to establish a tradition carrying beyond his 
own day. Examination of works on soils and fertilizers 
reveals a general lack of awareness of his influence until 
recent decades. Small-scale liming operations on an 
empirical basis continued through the years. Modern 
developments in the control of soil acidity stem from the 
work of Homer Jay Wheeler in Rhode Island.‘! The 
agricultural experiment stations played a significant 
role from that time in making the American farmer 
conscious of the importance of correct soil reaction. 
The activities of William Frear in Pennsylvania, C. G. 
Hopkins in Illinois, and, more recently, Emil Truog in 
Wisconsin have been particularly noteworthy. The 
application of scientific study to the whole problem of 
soil fertility has led to a more balanced understanding 
than could have been possible in Ruffin’s day.. Reli- 
able tests for soil acidity have been developed and the 
physico-chemical mechanism of soil reaction is begin- 
ning to be understood. Nevertheless, the use of cal- 
careous minerals still falls far short of the optimum 
usage. 

In conclusion, it becomes impossible to credit Ed- 
mund Ruffin with any high degree of originality as a 
soil scientist. Despite his claims to the contrary, his 
idea that soil acidity was due to the presence of vege- 
table acid was anticipated by Dundonald. To the ex- 
tent that Dundonald’s ideas were based upon specula- 
tion rather than on experiment, so too were Ruffin’s. 
No experiments of Ruffin showed the presence of vege- 
table acids in the soil. 

He can certainly be designated a soil chemist. He 
trained himself to understand chemical terms and to 


39 Truoa, E., J. Am. Soc. Agronomy, 30, 979 (1938). 

 ZRKLE, C., Isis, 34, 355-9 (1943). 

41 Wueeter, H. J., et al., Rhode Island Agr. Expt. Sta. Repti; 
1893, pp. 206-72; 1894, pp. 152-67; 1895, pp. 193-214; et seq. 
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analyze soils and marl for calcium carbonate. He under- 
stood the error inherent in his procedure and recog- 
nized the greater accuracy of Davy’s pneumatic method. 
While his work was, at best, only semiquantitative it 
was adequate for his ends. 

As an experimental farmer his work was again only 
semiquantitative. While he was able to demonstrate 
benefits due to use of marl, his records, though exten- 
sive, are generally uninformative due to lack of sys- 
tematic controls. 

His real stature lies, not in his originality as an agri- 
cultural scientist, but in his enthusiastic attack of prac- 
tical agricultural problems with the aid of contemporary 
science and in his activities as a publicist, urging the 


Tus switching arrangement and potential recorder 
was planned primarily for polarographic work, but may 
be adapted to many other uses which employ small 
changes of potential or current to measure or control 
chemical processes. 


RECORDER UNIT 


The strip-chart recorder was originally a war-surplus 
recorder of the multiple printing type, which recorded 
information from seven thermocouples at what appeared 
to be quarter-minute intervals, the chart moving one 
division per hour. The paper drive mechanism was 
modified to move the paper at either one and one-half, 
or three divisions per minute, and turn a_potenti- 
ometer (R, of Figure 1) at the rate of 25 degrees per 
minute. This potentiometer, (shown as / in Figure 2), 
by means of which a varying potential is applied to 
the polarograph cell, is mounted on the revolving, worm- 
gear-driven table from an A-5 Auto Pilot Gyro (Part 
No. 656029 M-1). The balance and print mechanism 
of the original recorder was removed and replaced by a 
two-phase (Minneapolis-Honeywell) motor which drives 
the continuous balance potentiometer (Rg of Figure 1) 
and the recorder pen. Two motors have been tried, 
54 and 162 r. p. m., the latter being preferred, as full 
scale travel of the chart requires only 3.2 seconds with 
this motor. This motor is controlled by a Brown 
Electronik Amplifier. Five millivolts drop of potential 
across Rg was arbitrarily adopted when it was decided 
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application of scientific knowledge to agriculture. 
Though he established no continuing tradition he was 
truly a pioneer. 
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that the resistance of Rg should be 20 ohms. Sub- 
sequent discovery that a potentiometer of 25 ohms 
resistance was available required that a 100-ohm shunt 
be placed across it, as all the other resistors of the 
biasing and standardizing network for the amplifier 
and recorder had been assembled by this time. This 
proved fortunate as it allowed inclusion of the 100-ohm 
potentiometer and switch S; of Figure 1, by means of 
which the recorder pen may be “zeroed” at any posi- 
tion on the chart. This is of considerable advantage 
in the recording of several polarograms on the same 
chart, and in the recording of potential changes in 
titrations where the polarity of electrodes changes as 
the titration proceeds. Smooth, positive contact of 
the slider with the potentiometer wire is an essential 
to proper operation. Any oxidized coating over that 
portion of the wire where contact should be made may 
be removed with a very fine sandpaper, the wire cleaned 
carefully and coated with white petroleum _ jelly. 
Poor contacts and bad capillaries account for most of 
the troubles experienced in polarographic work. An- 
other appendage on the recorder unit, though not used 
in polarography, is a Bendix Synchro generator. 
(C 78248; 3 of Figure 2), geared 1 : 1 to the main drive 
shaft of the chart drive mechanism which turns at the 
rate of 25 r. p.m. This generator may be connected 
electrically to a synchro motor, and thus serve as a 
remote drive for other apparatus external to the re 
corder yet synchronized with the movement of the 
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chart. The pen, pointer, and holder are attached to a 
light metal carriage which slides across a '/,-in. guide- 
bar. The carriage is pulled along the track by a stain- 
less steel wire attached to the grooved wheel to which 
the potentiometer is bolted. 


POLAROGRAPH SWITCHING UNIT 


Figure 1 shows the wiring diagram of this unit which 
may be considered to have four integrated parts: 
the power supply with its voltage selector at the right 
of the diagram, the current selector in the lower two 
thirds of the central portion, the amplifier power and 
bias portion at the left, with the standardizing or 
calibrating unit in the top third of the middle portion. 
Potentiometers R4 and Rg, mounted in the recorder 
unit, are drum-type potentiometers. All fixed resis- 
tors are precision type (+0.2 per cent), and all switches 
have either two or four contacts, parallel-connected to 
avoid contact trouble. 

The power circuit for the electrode system makes 
provision for controlling the range and polarity of the 
potentials applied to the electrodes. Polarity is 
determined by the position of the four-pole, two- 
position switch labeled Ox-Red in the diagram. The 
four-pole, five-position switch (S;) allows selection of 
ranges 0 to —1,0 to —2, —1 to —3, 0 to —4, and +2 
to —2 volts, when the former switch is in the Reduc- 
tion position. To obtain the first four ranges, the 


Polarograph Wiring Diagram 


switch in the mercury pool circuit is set to the position 
marked Normal, the last range being obtained only if 
this switch is in the position marked Polar. 

The current selector consists of a two-pole, eight- 
position switch which inserts one of the resistors in 
series with the electrode system. The current ranges 
are 1, 2, 5, 10, 20, 50, 100, and 250 microamperes. One 
microampere through the 5000-ohm resistor will result 
in a drop of potential of 5 mv. across it, as also will 
two microamperes through the 2500-ohm resistor. 
The two lower gangs of the Ox-Red switch maintain the 
proper polarity of this voltage. Damping of the oscil- 
lations of the recorder pen with the formation and 
growth of each fresh drop of mercury is accomplished by 
insertion of capacitors across the jacks labeled Cond. in 
Figure 1. The polarity to be observed with electrolytic 
capacitors is marked on the diagram. 

The amplifier power and biasing portion is a switch- 
ing arrangement by means of which the before-men- 
tioned 5-mv. drop of potential across the continuous- 
balance potentiometer is maintained. As can be seen 
from the diagram, no bias is applied to the recorder 
when switch S, is in the position indicated and switch 
S; set to the right, and a potential drop of from zero 
to 5 mv. may be recorded. Should S, be set to the 
next position, S; being still to the right,.a 2'/:-millivolt 
bias will be applied to Rg, and the recorder may now 
register potential differences of between 2.5 and 7.5 mv. ; 
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Figure 2 


1. Potentiometer Ra; 2. Minneapolis-Honeywell 2-phase motor; 3. 
Bendix synchro generator; 4. worm gear drive for Ra. 


in other words, switch S, allows the recorder pen to 
be ‘“‘stepped-back” in half-scale steps for each position 
that it is advanced from the position indicated in the 
diagram. By this means one can raise the voltage 
level at which the recorder operates, so that currents 
five times as great as those indicated by the current 
selector switch may be recorded and yet maintain the 
same high sensitivity of response of the amplifier. When 
employing this bias arrangement in _ polarographic 
work, it is necessary to stop the progress of the chart 
(and Ra), set S, to the next postion, allow several 
seconds for the recorder to travel back to its new posi- 
tion, and then resume recording by reactivating the 
chart drive mechanism. Instead of a two-section 
switch (S,) as shown in the diagram, we now employ a 
meter insertion switch (Mallory 1400 L) with a single 
decade of 10-ohm resistors. This switch will open any 
one of the eleven positions and insert Rg (and the 100- 
ohm potentiometer shunting it) at that point. When 
switch S; is thrown to the left and S, is in the position 
shown in the diagram, the 100-ohm potentiometer 
shunting Rg allows the recorder pen to be “zeroed” 
at any desired point on the chart. This is especially 
convenient when it is desired to repeat a polarogram 
on the same chart, as shown in Figure 3, or in the re- 
cording of titration curves with other apparatus operat- 
ing through this switching unit and recorder. 

The calibrating circuit, shown in the top, central 
portion of Figure 1, consists of a Weston standard cell, 
galvanometer, and a switch for selecting either the 
power circuit or the amplifier circuit for standardizing. 
In the power circuit two resistors have been chosen with 
values such that when 4.000 volts is impressed across 
them, the drop of potential across one of them is that 
of the standard cell, namely 1.0186 volts. To obtain 
a 5-mv. drop of potential across Rg (with the 100-ohm 
potentiometer shunting it) a current of 250 microam- 
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peres is required. This current through a 4074.4-ohm 
resistor produces a drop of potential of 1.0186 volts, and 
accordingly a resistor of this value is incorporated jn 
the circuit. With the calibrating switch thrown to 
the left, as shown in Figure 1, the drop of potential 
across this resistor opposes the voltage of the standard 
cell through a 10,000-ohm galvanometer-protecting 
resistor. Balance is attained by adjustment of the rheo- 
stat marked 5000 ohms in the diagram. Actually q 
3000-ohm fixed resistor and a 2000-ohm rheostat 
(General Radio 314-A) are used at this point. For fine 
adjustment the protective resistance is short-circuited 
by depressing the button of a normally open micro- 
switch shunted across this resistor. The power circuit 
is standardized in the same manner, but with the cali- 
brating switch thrown to the right. When both cir. 
cuits have been standardized, the calibrating switch 
is set to the central or neutral position. It should be 
mentioned that the power circuit requires readjustment 
whenever the range of potential applied to the polaro- 
graphic cell is changed, inasmuch as the load on the 
battery is changed. A somewhat more complex 
switching system would avoid this minor inconvenience. 

Figure 3 shows four polarograms run on the same 
solution of copper, cadmium, and zine chlorides in a 
supporting electrolyte of potassium chloride using the 
mercury pool as the anode. Curves A and B were run 
under identical conditions, but displaced from each 
other by means of switch S; and the 100-ohm potenti- 
ometer paralleling Rg. A 3000-microfarad capacitor was 
used in running A and B, 2000 microfarads with C 


Figure 3. Typical Polarograms 


(at half the original sensitivity), and no damping with 
D, which was run at one quarter of the original sensi- 
tivity. The pronounced irregularities in curve A were 
caused by attempts to realign the chart on the drive- 
roll while the polarogram was being recorded. The 
chart is reset manually and requires careful alignment 
of the perforations of the paper on the sprocket. 
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2. HYDRIDES OF GERMANIUM 


Metal Germanyls. Monogermane is stable in air and 
serves aS a convenient source material for the study of 
the chemistry of the hydrides of germanium. The gas 
reacts readily with sodium or potassium in liquid 
ammonia, reaction taking place quantitatively accord- 
ing to the equation: 

GeH, + M = MGeH; + !/2He (1) 


The compounds, NaGeH; and KGeH:, are readily 
soluble in liquid ammonia and are electrolytes in that 
solvent. Similar compounds of the alkaline earth 
metals and of other alkali metals have not been pre- 
pared. 

The ammonia-free compounds, NaGeH; and KGeHs, 
are white solids which slowly turn yellow at liquid 
ammonia temperature; at higher temperature they 
decompose more rapidly according to the equation: 


NaGeH; = NaGe + #/,H, (2) 


When the compound NaGe is treated with ammo- 
nium bromide, the monohydride GeH is formed. This 
compound decomposes with evolution of hydrogen 
according to the equation: 


GeH = Ge + '/,H, (3) 


the more rapidly, the higher the temperature. On 
very rapid heating the decomposition may take place 
explosively. These well established facts are re- 
counted here for the purpose of making that which 
follows understandable. It may be noted that prod- 
ucts of reactions which are not volatile cannot be 
isolated, purified, and identified; it is necessary to 
identify products by their volatile decomposition 
products or by the total weight of residual products. 

Reaction of Potassium Amide. Since monogermane 
reacts quantitatively with alkali metals according to 
equation (1), we might expect to form the metal ger- 
manyls by reaction of germanes with metal amides. 
Thus, we should expect to find the reaction 


GeH, + KNH, = KGeH; + NH; (4) 


This reaction proceeds, but it is not quantitative; it is 
accompanied by the evolution of hydrogen. Slightly 
more than 1 mol (1.05) of germane reacts with 1 mol 
of KNH: with the evolution of approximately 1 atom 
of hydrogen. On treating the reaction product with 
ammonium bromide, 0.95 mol of GeH, is recovered per 
mol of original germane. A side reaction evidently 
occurs, which involves ammonia and about 0.1 mol of 
GeH., which must be the source of the hydrogen. The 


nature of this reaction has not been established. The 
problem is complicated because KGeH; reacts with 
KNRH, with the evolution of large amounts of hydrogen. 

Reaction of Aliphatic Halides and NaGeH;. With 
alkyl monohalides the metal germanyls react quantita- 
tively in accordance with the equation: 


RX + MGeH; = RGeH; + MX (5) 


We might expect, therefore, that with methylene 
bromide, two GeH; groups ‘would be substituted for 
the halogen atoms. Such is not the case; reaction 
appears to occur according to the equation: 
H.CBr. + 2NaGeH; + NH; = H;CGeH, + H:GeNH, + — 
It has been established that half the germanium may 
be recovered as monomethylgermane but the amino 
compound has never been isolated. Presumably, it 
was lost in the water of the gas-collecting burets. It 
would be of interest to isolate the germany] amines. 

Reduction of Alkyl Germanes. While the alkali 
metals react quantitatively with monogermane in 
liquid ammonia, similar reactions with the partially 
substituted alkyl germanes are complex. Thus, with 
sodium and ethylgermane, 1.23 to 1.36 mols of germane 
per atom of metal are required to complete the reaction, 
while from 1.9 to 2.9 atoms of hydrogen are evolved per 
atom of metal. On treating the reaction mixture with 
ammonium bromide, approximately 62 per cent of the 
germane may be recovered. In terms of the sodium 
used, the recovery is 82 per cent. A glassy, yellow solid 
is obtained on evaporating the ammonia after reaction; 
on warming to room temperature the material crystal- 
lizes and decomposition occurs with evolution of hydro- 
gen, approximately two atoms of hydrogen per mol 
of 

The reaction of sodium with methylgermane is simi- 
lar to that with the ethyl derivative. Approximately 
a 50 per cent excess of germane is required to complete 
the reaction and approximately 2.9 atoms of hydrogen 
are evolved per atom of metal. On evaporating the 
ammonia, a yellow liquid appears which decomposes 
at 35° with evolution of hydrogen; some two atoms per 
mol of methyl germane reacted. These dehydrogena- 
tion products, whose compositions probably correspond 
to the formula MGeR, are soluble in liquid ammonia 
with a deep red color. On addition of ammonium bro- 
mide, the color is discharged, indicating the formation 
of a hydride of the type RGeH. It seems reasonable 
to’expect that if an alkyl halide R’X were added in 
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place of ammonium bromide, one might obtain a com- 
pound of the type RGeR’. Presumably, in these com- 
pounds we are dealing with polymers, perhaps dimers, 
in which we have two doubly bonded germanium atoms. 
If so, it should be possible to reduce one of these bonds 
with alkali metals. The resulting compound should, 
in turn, be capable of being hydrogenated or alkylated. 

Reaction in Ethylamine. In ethylamine, slightly 
more than 1 mol of ethyl germane reacts with one atom 
of lithium. The hydrogen evolved is approximately 0.8 
atom per atom of lithium. Surprisingly enough, 0.21 
mol of ethane is evolved per atom of lithium. Judging 
by the amount of LiGeH,Et formed (87.5 per cent), 
the ethyl groups must have been derived from the 
ethylamine and not from the germane. The reaction 
of ethylisoamylgermane with lithium in ethylamine 
appears to be quantitative. 

Sodium Germanyl and Phenylbromide. Since the 
alkyl halides react quantitatively with sodium germany] 
to yield the corresponding alkyl germanes, we might 
expect that a similar reaction would take place with 
phenylbromide. Such is not the case; reaction takes 
place according to the equation: 


NaGeH, + C.H;Br = + GeH, + NaBr (7) 
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The dihydride, GeH2, is readily soluble in liquiq 
ammonia and its solution appears to be stable. (py 
removing the ammonia at — 33°, a white solid is ob. 
tained. The solid is not stable even at lower tempera. 
tures; it disproportionates according to the equation: 


3GeH, = GeH, + 2GeH (8) 


The monohydride is identical in properties with that 
obtained by the action of ammonium bromide on NaGe. 

One atom of sodium reacts with 1 mol of GeH, jp 
liquid ammonia to yield a deep red solution without 
evolution of gas. On addition of ammonium bromide 
to this solution, GeH, is evolved. 

It is likely that the dihydride is a dimer with doubly 
bonded germanium atoms. Apparently, on addition of 
sodium, one bond is broken to form the salt NaGeH.- 
GeH.Na. Compounds of this type are known in the 
ease of tin. 

On adding ammonium bromide, the hydride is formed 
which apparently disproportionates. It would be 
of interest to study the action of alkyl halides on the 
sodium salt of the dihydride. It would seem that 
here we have an approach to many new and inter- 
esting compounds of germanium. 


DIVISION OF CHEMICAL EDUCATION 


MEETING OF THE EXECUTIVE COMMITTEE 


At the meeting of the Executive Committee on March 
26, 1952, the following officers were present: H. N. 
Alyea, J. A. Campbell, Fred Dutton, P. H. Fall, F. D. 
Martin, L. L. Quill, and N. W. Rakestraw. The absent 
officers were W. F. Ehret, W. F. Kieffer, C. C. Vander 


Werf, and E. Weaver. The guests present were Reed 
Brantley, C. Fleck, and B. Gould. 

The following business was transacted: 

Secretary’s report. In the absence of the Secretary no 
formal report was received. Moved, seconded, and 
passed that the phrase in the September 6, 1951, min- 
utes providing for the Treasurer to ‘purchase an ad- 
dress-o-graph” for issuing letters be altered to read 
“to pay for, and arrange to prepare, stencils of mem- 
bers’ addresses.” 

Treasurer’s report. Interim report of the Treasurer 
was presented but not acted upon. 

Committee on High-School Chemistry, Elbert Weaver, 
Chairman. It was moved, seconded, and passed to 
appropriate additional $50 to this Committee, which is 
engaged in preparing a booklet, ‘“Motivations in High- 
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School Chemistry.” Four chapters were ready in 
September, 1951. There was no report from Weaver 
as to the status of the remaining chapters. He intends 
to mimeograph and distribute the materials to members 
of the Executive Committee. 

Committee on Examinations and Tests, T. Ashford, 
Chairman. Moved, seconded, and passed upon re- 
quest from the Committee Chairman to change the 
name of the Committee on Examinations and Tests te 
the Committee on Examinations. 

Committee to Study Problems of Teaching of Chem- 
istry in Colleges and Universities, O. M. Smith, Chair- 
man. Upon request from the Committee Chairman, 
$150 was appropriated to this Committee in September, 
1951. It was moved, seconded, and passed to appro- 
priate an additional $200 to this Committee for use 
during 1952. Dr. Smith reported on the plans for the 
general chemistry and analytical chemistry workshops 
to be held at Oklahoma A. and M. on June 11-22, 1952. 

Committee to Study and Make Recommendations to the 
Division of Chemical Education Relative to Affiliation of 
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the Pacific Southwest Association of Chemistry Teachers 
with the Division, E. Weaver, Chairman. The Chair- 
man of the Committee being absent, there was no formal 
report. Reed Brantley, Occidental College, Los An- 
geles, who was present upon invitation from the Di- 
yision Chairman, suggested the possibility of a joint 
meeting with the Pacific Southwest Association and the 
Division of Chemical Education during the Spring 1953 
A. C. S. meeting in Los Angeles. It was moved, sec- 
onded, and passed that such a meeting would be desir- 
able and steps should be taken toward arranging for it. 
Mr. Brantley was requested to investigate this further 
and to report back to the Executive Committee. 

Committee on Proposed Code for Engaging Graduate 
Assistants, R. C. Anderson, Chairman. The recom- 
mendation of the Committee Chairman was approved 
the Executive Committee to publish the statement of 
the Committee as a recommendation from the Division 
in the JouRNAL OF CHEMICAL Epucation. The Secre- 
tary of the Division in conference with Chairman An- 
derson of the Committee will work out the proper pro- 
ceeding for sending these reports to representative staff 
members and deans of the graduate schools of the some 
three hundred graduate colleges across the country. 

The Cooperative Committee on Science Teaching, L. L. 
Quill, Representative of the Division of Chemical Edu- 
cation. Dr. Quill has been in active contact with the 
Cooperative Committee and attended the meeting in 
Washington, D. C. in the fall of 1951. 

Board of Publication of the Journal of Chemical Edu- 
cation. For the information of the Executive Commit- 
tee Messrs. Gould and Fleck reported that there has 
been no complaint over raising the subscription rate to 
$3.50. In accordance with the instructions of the 
Executive Committee, September 6, 1951, H. N. Alyea 
and C. Vander Werf have signed the new contract with 
the Mack Printing Company. 

N. W. Rakestraw reported that the Index of the 
JouRNAL has been completed by Dr. Baker. Moved, 
seconded, and passed authorizing $300 additional pay- 
ment to Dr. Baker for an additional two-thirds month 
spent in compiling the Index. 

Committee to Edit Industrial Films. The Chairman 
reported that Fred Dutton has been appointed chair- 
man of this new committee authorized by the Executive 
Committee on September 6, 1951, to examine industrial 
films in an attempt to prepare an abbreviated form of a 
film suitable for teaching purposes. Although the name 
of the A. C. S. cannot be used in recommending the film, 
it is hoped that such editing may produce several in- 
dustrial films for which there will be great demand. If 
possible, the first film or films might be shown at the 
September, 1952, meeting. 

Money from Foundations. The Chairman reported 
that O. M. Smith has prepared an impressive financial 
estimate based on a five-year program of summer work- 
shops amounting to about $140,000. T. Ashford is 
preparing a similar statement for a five year program of 
examinations. It is expected that the Chairman, as- 
sisted by Drs. O. M. Smith and T. Ashford, will contact 
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the Ford Foundation, the Edison Foundation, or other 
educational boards later in the spring in an effort to ob- 
tain funds for carrying on these projects. 

Increase Membership. A suggestion from Secretary 
Vander Werf was read to the Committee as a means of 
increasing membership. Each member of the Execu- 
tive Committee is to canvass his own university staff 
and to report to the Secretary the reasons why teachers 
did not subscribe to the JouRNAL or CHEMICAL Epuca- 
TION. Without a formal vote being taken it was agreed 
that this would be done and that the Secretary would 
forward a copy of these remarks to Mr. Gould. 

Committee on Editing Papers. The Chairman quoted 
a letter from the April 9, 1951, A. C. 8. Council meeting 
at which the Council endorsed a recommendation “that 
each division establish a Papers Committee which will 
be instructed to exercise its prerogative in rejecting 
papers.” He pointed out that inasmuch as the Di- 
vision usually has only one session on general papers, a 
formally constituted committee has not been appointed, 
but instead the concensus of the Executive Committee 
was that the Secretary of the Division, in consultation 
with other officers, would act in this capacity. 

Spring 1952 Meeting Expenses. It was moved, sec- 
onded, and passed that the Treasurer be authorized to 
pay normal expenses incurred at this meeting, including 
the registration fees for invited guest speakers who were 
not members of the A. C. 8. 

Membership List. The Chairman reported that a 
membership list of the Division is being prepared and 
will be issued to officers of the Executive Committee. 
However, he warned that it would be the responsibility 
of the Executive members to use this list only them- 
selves and not to make it available to other persons. 
It is against the policy of the National Society to make 
such membership lists generally available. 

Fall 1952 Program. The following symposia were 
discussed, but no formal commitments were made re- 
garding the exact personnel in symposia for the Fall of 
1952. The Chairman and Secretary were charged with 
the responsibility for arranging this program. 

(1) A symposium on recent developments in chem- 
istry including chromotography and tracer research. 

(2) One session of general papers, included in which 
should be a paper summarizing the accomplishments at- 
the Divisional Summer Workshop at Oklahoma A. & M. 
It was also suggested that there be a showing of an in- 
dustrial film as edited by the Committee on Industrial. 
Films. 

(3) A symposium in conjunction with the Division of 
Industrial Engineering Chemistry on public relations. 
This is already being discussed with Mr. J. D. Porsche, 
Manager, Central Research Department, Armour and 
Co. 

(4) A symposium on storeroom management. It. 
was pointed out that such a symposium was held in 1949: 
but that there may be such interest to warrant another 
one. It was suggested that Dr. Garrett be approached 
to chairman such a symposium. 

(5) A symposium on the recruitment for college and 
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graduate college students in the field of chemistry. 

(6) It seems advisable not to hold a symposium on 
accrediting, which was discussed at the September, 
1951, Executive Committee meeting. 

Committee on Nominations. The Chairman reported 
that he appointed the following committee to nominate 
officers for the Fall 1952 elections: Joseph Babor (chair- 
man), T. Ashford, D. Nicholson. 

Topics to be Voted Upon at the Business Meeting of the 
Division, March 26, 1952. The Chairman indicated to 
the Executive Committee that at the business meeting 
to be held that afternoon he would entertain the fol- 
lowing motions: 

(1) That the Division of Chemical Education re- 
quests the A. C. 8. to authorize the Mack Printing 
Company to make available to the Division of Chemical 
Edueation all address slips showing changes for all 
teacher-members and new teacher-members of the A. C. 
8. 

(2) That the Secretary of the Division of Chemical 
Education be instructed to send during June, 1952, to 
each member of the Division ballots carrying the nom- 
inations of the following officers; the ballots to be re- 
turned by July 1, 1952; and for the Secretary to notify 
the Nominating Committee of the results of this bal- 
loting; and for the Nominating Committee to take 
these wishes of the Division members under advise- 
ment in proposing the slate for the September meeting: 


Two names for Chairman-elect, 1952-53 

Two names for Treasurer, 1952-54 

Five names for Councillor, 1953-54 

Two alternate Councillors, 
(September, 1952-December, 1954; September, 1953-December, 

1955) 

Note on Motion (1). The purpose of the above motion 
is as follows: the changes in address of members of the 
Division actually come to the Mack Printing Company 
rather than to the Division Secretary. The A. C. 8. 
National Office cannot release these address slips until 
a formal request is sent them from the Division of 
Chemical Education. The above accomplishes this. 
Note on Motion (2). Although machinery was set in 
motion a year ago to provide for a more democratic 
election of officers, it will not be possible to make use of 
this new method (balloting by name instead of voting at 
the National Fall meeting) for another year until the 
recommendation has been formally approved by the 
Society. In the interim, Motion (2) will provide a 
mechanism for this democratic process. Legally the 
Nominating Committee is not bound by the ballot re- 
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turns, but it is expected that it will respect the wishes of 
the Division members when it submits its slate of 
officers at the September meeting. However, there 
must be a formal vote on the slate at the September 
1952, meeting in accordance with the present bylaws, 


Huserr N. Atyra, Chairman 


TREASURER’S REPORT 
Sept. 1, 1951, to March 20, 1952 


Receipts: 

Dues, to Dee. 31, 1951 

Dues, Jan. 1, 1952, to March 1, 1952 
Interest 


Total 
Balance on hand 9/1/51 


Expenditures: 

A. C, S.—separates 

E. C. Weaver—Committee on H.-S. Chem. 
Paul H. Fall—mailing letters 

J. A. Campbell—speaker 

Otto Smith—committee on College Chem 
A. C. S.—separates 

L. Quill—Coop. Committee A. A. A. 5. 
A. C. 8.—separates 

Post Office—stamps 

C. A. Vander Werf—Sec’s. expenses 

M. G. Mellon—telegrams 


Total expenditures 


Balance on hand 3/20/52 $1537 .87 


F. D. Martin, Treasurer 
JOURNAL ACCOUNT 
Receipts: 


Interest on bonds 
Interest on bank account 


229.51 
19,587.49 


$19,817.00 


Balance on hand 9/1/51 


Expenditures: 


Preparation of Index 1,650.00 


$18, 167.00 


Balance on hand 3/20/52 
Bonds 
Bank account 


$18,167.00 
F. D. Martin, Treasurer 
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Proceedings of the 


Tue Northern Section of the Pacific Southwest As- 
sociation of Chemistry Teachers held its annual Spring 
Meeting at Fresno State College May 9 and 10. On 
Friday evening there was a dinner meeting, with Dr. 
Guy McLeod, vice-president of Sunland Industries, 
speaking on ‘“Chemistry—servant or master.” Dr. 
McLeod emphasized the moral responsibility of chem- 
istry teachers in building character in students while 
teaching them chemistry. 

Afterward the group adjourned to meet with the 
Fresno Section of the American Chemical Society in 
order to hear Dr. W. H. Urry, University of Chicago, 
speak on ‘Recent developments in free radical reac- 
tions.” 

After a pleasant, informal coffee period Saturday 
morning, Dean Briggs of Fresno State College wel- 
comed the group and told of his interest in making chem- 
istry significant for the general student who is not major- 
ing in chemistry and the problem involved in doing 
this effectively. 

There then followed a panel discussion on: “‘Screen- 
ing students for freshman chemistry courses,”’ with Dr. 
Howard Benninghoff, City College of San Francisco, 
acting as moderator. 

The panel consisted of Dr. Forrest D. Brown, Dean 
of Students at Fresno State College; Dr. Phil Davidson, 
City College of San Franscisco; Dr. Edwin Orlemann, 
University of California;and Dr. E. B. Womack, 
Fresno State College. 

The first speaker on the panel was Dr. E. B. Womack, 
who told of the screening program in operation at 
Fresno State College. He stated that before this 
program was put into operation about 50-60 per cent of 
students taking elementary chemistry courses either 
failed or received D grades. All students taking begin- 
ning chemistry were in the same course, even though 
their science and mathematical backgrounds were 
quite diverse. As a result of this situation, another 
course was developed, a general studies course in 
chemistry, for business and physical education majors. 
This was a terminal course consisting of two lectures and 
one laboratory per week, for three units. 

A testing program was devised in which the students 
Were given a pre-test consisting of questions on chem- 
istry and mathematics. This test has been used by 
the guidance service in placing students in the correct 
course. 
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OF CHEMISTRY TEACHERS 


The next speaker, Dean Brown, stated that pre- 
dictions of academic suceess in chemistry were based 
on (1) mental ability, (2) motivation on the part of the 
student, (3) learning skills, and (4) prerequisite know]l- 


edge and skills. Mental ability was judged by using 
the Q and L scores of the ACE standardized tests, 
motivation and learning skills by high-school grades 
and background, and the prerequisite knowledge and 
skills by the chemistry proficiency test developed by 
the chemistry department at Fresno Sate. 

In this testing program it was found that there was a 
high correlation between the mathematics pre-test 
and the post chemistry test. When an item analysis 
was made the correlation with the chemistry 1A grades 
was as follows: 0.51 to 0.74 with the chemistry pro- 
ficiency test, and 0.40 with the ACE test. 

In the opinions of both Dr. Womack and Dean Brown, 
the Chemistry Proficiency test has served to direct 
students into the proper courses and to give some in- 
dication to both faculty and student of the probability 
of a student’s sucess in chemistry. 

Dr. Davidson discussed the pre-test given at City 
College of San Francisco for purposes of screening. If 
the student is screened by this test from taking the gen- 
eral chemistry course, he then takes Chemistry 17, which 
is a remedial or preparatory course in which mathe- 
matics is stressed. Many students elect this course 
before taking the regular course in order to be more 
adequately prepared. 

Dr. Orlemann of the University of California spoke 
on the policy of the university regarding students in 
beginning chemistry. All students are in the same 
lecture class, but are distributed into groups of 25 
for laboratory work. This distribution is based on 
ability as determined by a pre-test. The test has three 
parts: (1) bits of chemical information which might 
be obtained from newspapers, magazines, or other cur- 
rent materials. This gives information about the 
student’s interests or perhaps what they learned in 
high-school chemistry, (2) fresh material in the field 
of science, which gives some information on the ability 
of the student to answer questions on material of this 
type, and (3) a mathematics test. 

The University of California now gives a Math C 

examination for all courses in science and mathe- 
matics and will use this for the distribution of students 
in the laboratory sections. 
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After the panel members had presented their view 
and information about their respective schools, the 
moderator opened the topic for discussion. The im- 
portance of mathematics and arithmetical reasoning 
for good results in chemistry was stressed. 

A brief business meeting was held. A motion was 
passed which recommended that the northern and south- 
ern sections of the PSACT have their joint meeting 
at the time of the American Chemical Society meetings 
in Los Angeles in the spring of 1953. 


266th MEETING 


The 266th meeting of the Association was a joint 
meeting with the New England Biological Association 
and the Eastern Physics Teachers Association, held 
at the College of the Holy Cross, Worcester, Massa- 
chusetts, May 10, 1952. It was opened by the Presi- 
dent of the College, Rev. John A. O’Brien, 8. J. 
Rev. J. A. Martus, 8. J., acting Chairman of the Cen- 
tral Division of the NEACT introduced Andrew Van 
Hook of the chemistry staff at Holy Cross who spoke 
on “The practice of crystallization in the laboratory 
and the plant.’”” This address marks Prof. Van Hook’s 
third appearance before the Association to speak on 
this and related topics. Harold Marcus, President of 
Electrochemical Industries, Ine., Worcester, Massa- 
chusetts, then spoke on “Introduction to chelating 
agents, with an application to industrial problems.” 
After a general exposition on sequestering agents, 
Mr. Marcus discussed the particular application of 
chelating agents to electrodeposition of metals. He 
indicated how it was frequently possible by their use 
to tie up unwanted ions into chelated complexes so that 
they do not interfere with electroplating processes and 
how properties, such as brightness and color, can be 
improved by the use of such compounds as ethylene- 
diaminetetraacetic acid and its sodium salts in elec- 
troplating solutions. 

In the afternoon, Robert A. Steele, M.D., of Worces- 
ter, Massachusetts, showed his colored slides on 
New England wildflowers, particularly appropriate on 
a beautiful spring day. 


BUSINESS MEETING 


At the business meeting held in conjunction with the 
program, the minutes were read and approved. 
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It was also proposed that the Northern Section 
meetings be held alternately in the Bay area and the 
Valley area. Dr. S. W. Morse invited the group to 
meet at San Francisco State College for the Fall Meet. 
ing. 

The following officers were elected to serve with Dr. 
Howard Benninghoff, Chairman for 1952-53: 


Chairman-elect: Dr. E. B. Womack, Fresno State College. 
Treasurer: 
Secretary: 


Dr. A. L. Houk, California Polytechnic College, 
Dr. Gordon Sewell, Placer College, Auburn, 


SS OCIATION 
EACHERS 


OFFICIAL BUSINESS 


The Treasurer reported a balance of about $1300, 
the exact amount to be reported after the completion 
of the Association year at the adjourned annual meet- 
ing at the Summer Conference in August. 

The following new members were welcomed in the 
Association: 


Paul H. Buckley, Chairman, Science Department, Peters High 
School, Worcester, Massachusetts. 

Stanley E. Innes, Instructor of Science, North Attleboro High 
School, North Attleboro, Massachusetts. 

W. James Kilgour, Head of Science Department, Avon Old 
Farms, Avon, Connecticut. 

Joseph W. Kovarick, Instructor of Chemistry and Physics, 
Stroudsburg High School, Stroudsburg, Pennsylvania. 

Francis M. Lamoureux, Science Teacher, Palmer High School, 
Palmer, Massachusetts. 


ANNUAL MEETING 


The Annual Meeting was opened immediately follow- 
ing the business meeting by President Helen W. 
Crawley. The following reports were accepted as 
read: 


Report of the Membership Committee. 


Active members, June 30, 1951 522 
New members, 1951-1952 43 
565 

Resignations 14 
Dropped for nonpayment of dues 22 36 
Active members, May 5, 1952 529 
Deferred members 1 
Total 530 


Of the 43 new members, 13 joined in connection with the 13th 
Summer Conference and the other 30 as a result of letters written 
upon suggestions from members on cards returned with last year’s 
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dues and those sent in from time to time, largely from Helen 
Crawley, Dorothy Gifford, and Elbert Weaver. The extension 
activities of the curator and publicity agent also contributed. 


LEALLYN B. Criapp, Chairman 
Membership committee 


Report of the Secretary. The 13th Summer Conference with 
Donald C. Gregg and William S. Huber as co-chairmen, started 
off the year at the University of Rhode Island, August 20-25, 


1951, 204 attending. 
The five divisional meetings held during the year were: 
Attendance! 
Oct. 13, 1951 Manchester Central High School, 
Manchester, N. H. 50 
Dec. 1, 1951 Brookline High School, Brookline, 
Mass. 99 
Feb. 9, 1952 Brown University, Providence, R. I. 96 


Apr. 12,1952 Deerfield Academy, Deerfield, Mass. 84 
May 10, 1952 College of the Holy Cross, Worces- 

ter, Mass. 62 

The Executive Committee met in a long session at the Summer 
Conference, in shorter sessions at each of the five meetings, and 
in a night session just before the annual meeting. One action 
taken that affects all members for next year was the raising of the 
membership dues to $4.00, necessitated by an increase in the cost 
of the Association of the JouRNAL of CHEMICAL EpucaTIon, the 
rise to take effect on July 1, 1952. The Executive Committee 
has also selected meeting dates and places, set the budget, and 
selected the Chairmen for the 14th Summer Conference. 

It is fitting to announce that Laurence S. Foster has consented 
to act as Editor of the Report and the News Letter again. 


LeaLtyn B. Secretary 


Report of the Treasurer of the Endowment Fund. 


Balance, May 7, 1951 $2198.13 
Income credited in the period from May 7, 1951 to 
May 5, 1952 
Watertown Cooperative Bank 23.14 
Newton Savings Bank 28.96 
Two per cent of dues 36.18 
$2286 . 14 
Investments, May 5, 1952 
Five matured shares, Watertown Cooperative 
Bank, at cost 994.91 
Balance in the Newton Savings Bank, May 5, 1952 1291.50 
$2286 . 41 
Income for the vear May 7, 1951 to May 5, 1952 $ 88.28 


Avery A. AsHpown, Treasurer 
Trustees Permanent Trust Fund 


Report of the Curator (read by Carl P. Swinnerton). The regu- 
lar duties of the Curator are (1) maintenance of the archives of 
the Association, (2) keeping a permanent membership file, (3) 
providing stamped and addressed envelopes to the division chair- 
men for extension purposes prior to each meeting, and (4) sending 
a packet of information about the NEACT to each new member. 
These duties have been discharged. 

In connection with the above duties, the following comments 
may be of interest. The Association has elected, up to this meet- 
Ing, 18830 members since its formation in 1898. During this 
year one of the early Reports was sent, upon request, to a uni- 
versity in Sweden. A large packet of early Reports has been re- 
ceived from Roscoe E. Dake and Elbert C. Weaver of Phillips 
Academy. This gift is gratefully acknowledged. A number of 
new members have been obtained as a direct result of the exten- 
sion work prior to each meeting. 


‘Number who signed the NEACT Register. Attendance was 
usually somewhat greater. 
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Two special activities have been carried on by the Curator 
during the year. The first was the preparation of a certificate to 
be awarded to honorary members. This certificate has received 
numerous commendations for the quiet dignity of its design. The 
Curator is grateful for the aid of the Executive Committee and, 
in addition, for the aid of Leslie A. Hallock of the W. M. Welch 
Company in completing this project. 

The second project has been the preparation of a manual of 
suggestions for division chairman. The thoughtful criticism of 
the first draft of this manual by members of the Executive Com- 
mittee should make this manual a very real aid to the division 
chairmen, upon whom so much of the success of the Association 
depends. 

Ravpu E. Kerrsteap, Curator 


Report of the Editor of the Report (read by Marco H. Scheer). 
The Editor of the Report is not a regularly elected officer of the 
Association, but is appointed by the Executive Committee. It 
has not been the custom for the Editor to make a report at the 
Annual Meeting. This year, however, marks the end of ten 
years of publication of the Report in the JouRNAL or CHEMICAL 
EpvucatTIon and merits some attention. 

In the October, 1942, issue of the JouRNAL appears this state- 
ment: “Beginning this month, the JouRNAL undertakes a new 
responsibility. An agreement has been made by which the Report 
of the New England Association of Chemistry Teachers is hence- 
forth to be published in the pages of the JouRNAL. 

“The NEACT is by far the best-known and strongest chemis- 
try teachers’ association in the country. Its membership includes 
both college and secondary school teachers, and it has probably 
done more than any other one agency in establishing and pro- 
moting relations between these two groups. Its Report is now 
in its forty-fourth volume, has had a recognized place in the 
chemical literature, and has circulated widely, both in this coun- 
try and abroad. We feel proud to be the means of continuing its 
existence in which we sincerely hope will be a wider sphere of use- 
fulness. 

“We are sure that the arrangement will be of advantage both 
to the Association and to the JourNaL. Members of the Assoczia- 
tion will not only receive their Report more frequently, but the 
rest of the JouRNAL as well. This JouRNAL, on the other hand, 
will have a wider circulation, especially in the secondary school 
circles. We shall try to take advantage of this. 

‘A new associate editor, Dr. Laurence S. Foster, of Brown Uni- 
versity, has been nominated by the Association, and will be in 
charge of the Reporr.’’? 

The advantage of this new arrangement to the members of the 
Association soon became apparent. Whereas, in previous years, 
the NEACT spent all of its income, and additional amounts re- 
ceived from advertising, in trying to publish its quarterly Report, 
now the treasury began to show a surplus. The long range ef- 
fect of this is apparent in today’s Treasurer’s Report. Member- 
ship has steadily increased from about 250 to over 525 today. 
College teachers who were subscribers to the JouRNAL anyway 
were often easily convinced that it would be to their advantage 
to belong te the Association, especially when it would cost them 
only 50 cents a year additional. Members received as part of 
their dues an excellent magazine of world wide circulation and 
reputation and actually more pages of the Report than was pos- 
sible under separate publication. Advertisers received a circula- 
tion of about 10,000 instead of the 250 previously offered. While 
many members felt a sentimental loss when the old Report ceased 
circulation, I think that the healthy growth of the Association 
shows that the plan was a good one. 

In the September, 1943, issue of the JouRNAL, the statement ap- 
pears, “Members of the Association will be interested to learn 
that Dr. Laurence 8S. Foster, immediate Past-President and As- 
sociate Editor of the JouRNAL, is now at the University of Chi- 
cago where he is doing war research. He has resigned as Asso- 
ciate Editor, and Dr. Leallyn B. Clapp has been appointed to 
take his place.”” Dr. Clapp, who now is Secretary of the NEACT, 
served as Editor of the Report for two years. He was succeeded 


2 J. Cue. Epuc., 19, 477 (1942). 
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Dorothy W. Gifford 


by Dr. Lawrence H. Amundsen of the University of Connecticut, 
who also served for two years. In 1948, Laurence S. Foster, now 
employed at Watertown Arsenal Laboratory, was again appointed 
as Editor and has continued to serve in this capacity up to the 
present. 

Under the editorship of Dr. Amundsen, A News Letter was 
started in 1946 to permit publication of current happenings, news 
of meetings, and personal news items. This News Letter has 
filled the need for informal contacts with members that became 
apparent when the quarterly Report was discontinued. It is now 
completing its sixth volume and has been warmly received by the 
membership. In recent years, the News Letter has been typed on 
stencils, reproduced, and mailed by Eldin V. Lynn of Massachu- 
setts College of Pharmacy and his colleagues in the Department 
of Chemistry at that institution. Without this substantial help, 
which represents a very considerable saving of money, the News 
Letter could not have been issued so frequently and would not 
have been so effective in keeping members informed of the ac- 
tivities of the Association. 

The News Letter has had three Assistant Editors: Evelyn L. 
Murdock, Stonington High School, Stonington, Connecticut; 
Constance M. Bartholomew, Chicopee High School, Chicopee, 
Massachusetts; and Gertrude T. Eastman, High School of Com- 
merce, Worcester, Massachusetts, the present incumbent. In ad- 
dition, various members have taken turns to serve as reporters 
from their various divisions. While having reporters seems like a 
good idea, it has not proved to be so effective as was hoped. The 
Editor would like to request each member to consider himself a 
reporter and to forward news items about himself or other 
NEACT members for use in the News Letter. A good deal of in- 
formation about what members are doing is gleaned from the 
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cards which they return to the Secretary each fall. The Ney 
Letter will be greatly improved, however, if members heed this 
request to forward additional suitable items to the Editor, 

The Report and the News Letter together record the major hap. 
penings of the NEACT. Copies are kept in the files of the Cur. 
tor, together with other records and memorabilia of the Associs. 
tion, where they are available for future historians to evaluate the 
accomplishments of this unique educational organization. The 
Editor takes this opportunity to thank those who have aided jy 
keeping these records authentic. 


LAvuRENCE S, Foster, Editor 


Report of the Honorary Membership Committee. Eva M. Rte 
Gut, who retired from teaching in January, is nominated fo 
Honorary Membership by your committee. 

Born in Cambridge, Massachusetts, of a Swiss father and Ge- 
man mother, Miss Ruggli describes her childhood as wonde. 
ful, instructive, varied, and creative. She was graduated from 
the Cambridge Latin School in 1900 and received her A.B. degree 
from Radcliffe College in 1904. For many years she taught 
chemistry at Cambridge High and Latin School, and recently has 
served as acting Junior Dean. 

She is a member of the American Chemical Society, of the Cam 
bridge Teachers Club, where she has had many committee assign. 
ments, and of the Unitarian Church. She states that her hob- 
bies are ‘cooking, traveling, and taking care of relatives and 
people in general.” 

A member of the NEACT since 1908, she has served on the 
Central Division Committee on Industrial Chemistry, 1923-24; 
Second Summer Conference Committee, 1940; and NEACT 
Committee on College Entrance Examinations, 1941. In 1942, 
she was elected Secretary, but was forced to resign after a few 
months because of ill health. She was a member of the Nominat- 
ing Committee in 1946. 

Eva Ruggli’s great service to the Association has been her 
faithful attendance at meetings, her steady and complete lovalty, 
her quiet humor and her everready friendliness to all her fellow 
members. For her services to the Association and for her long 
years of devoted interest, the Executive Committee is nominating 
her for Honorary Membership. It seems fitting that she should 
be given this highest honor which we can bestow as a token of 
our gratitude and appreciation for all that she has meant to the 
Association and to each of us personnaly. 


Dorotuy W. Girrorp, Chairman 


Miss Ruggli was unanimously elected to be an 
Honorary member. 

Carl P. Swinnerton, Pomfret School, Pomfret, 
Connecticut, was nominated from the floor to be the 
third member of the Nominating Committee, to serve 
for three years. He was duly elected. 


Report of the Nominating Committee. The Nominating Com- 
mittee takes pleasure in submitting the following slate of officers, 
chairmen of Divisions and trustee for the year beginning July 1, 
1952: 


President Dorothy W. Gifford, Lincoln School, 
Providence, Rhode Island. 
Donald C. Gregg, University of Vermont, 


Burlington, Vermont. 


Vice-President 


Secretary Leallyn B. Clapp, Brown University, Prov- 
idence, Rhode Island. 
Treasurer Carroll B. Gustafson, Massachusetts Col 


lege of Pharmacy, Boston, Massachu- 
setts. 

Trustee of 
Endowment Fund Elbert C. Weaver, Phillips Acacemy, At 
dover, Massachusetts. 

Chairman of North- 
ern Division Austin B. Kibbee, Jr., Jay High School, 
Jay, Maine. 
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Chairman of 


Central Division Rev. Joseph A. Martus, 8. J., College of the 


Holy Cross, Worcester, Massachusetts. 
Chairman of 
Western Division Walter G. Stewart, Springfield College, 
Springfield, Massachusetts. 


Chairman of 
Southern Division Edna M. Robbins, Mary Wheeler School, 
Providence, Rhode Island. 


EvizaBetu 8. Houutster, Chairman 
Raymonp 8. Tosrey 
Amasa F. WILLISTON 


Upon motion, one ballot was cast for the slate of 
officers as nominated and Dorthy Gifford’s inaugural 
address followed. 

A vote of appreciation to Helen W. Crawley for her 
work during the past two years evoked a rousing en- 
dorsement. 

Dorotay W. GIFFoRD was born and received her 
elementary education in Westport, Massachusetts. 
She attended Moses Brown School, Providence, Rhode 
Island, and was graduated from Mount Holyoke Col- 
lege. She has taken graduate courses at Harvard 
University, Massachusetts Institute of Technology, 
and Cornell University and was awarded her Master’s 
degree by Brown University in 1941. She began her 
teaching career at Saint Mary’s School, Peekskill, 
New York, but since 1926, she has been on the staff 
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of Lincoln School, Providence, Rhode Island. During 
her first few years of teaching, she was engaged in 
teaching both Latin and science. Since 1941 she has 
been the Head of the Science Department at Lincoln 
School. In addition to teaching she has been active 
in various science teachers associations, New England 
Association of Chemistry Teachers, National Science 
Teachers Association, and the National Association of 
Biology Teachers. She has served on the Rhode 
Island Schools Science Fair Committee, as a Reader 
in Chemistry for the College Entrance Examination 
Board, and as Director of Psychological Testing for 
the Lincoln School. In the NEACT she has served 
on various committees, as Chairman of the Southern 
Division, and as a speaker at the 1948 and 1951 summer 
conferences. During the period from 1945 to 1951 
she served as Secretary, from 1951 to 1952 as Vice- 
president, and at the May 1952 meeting was elected 
to be President. 

Her outside activities and hobbies include the Rhode 
Island Society for the Prevention of Cruelty to Ani- 
mals and the American Iris Society. She specializes 
in hybridizing tall bearded iris and in collecting sea- 
horses in any form. She is a member of the Society 
of Friends and in the January issue of the JouRNAL 
published a provocative paper on “A Quaker view of 
the secondary school chemistry course.”’ 


JOSIAH WILLARD GIBBS 


Lynde Phelps Wheeler, Vice-President, Pickard & Barns, Inc. 
Yale University Press, New Haven, Conn., 1951. viii + 264 
pp. l7figs. 16 X 24cm. $4. 


At LonG last, we have a biography of Willard Gibbs in which 
the author portrays the man as he was rather than to expound 
some peculiar brand of social philesophy or to recount the ac- 
complishments of the “best families’ of Boston. The impres- 
sion one gets on reading this biography is that, from beginning to 
end, it rings true. 

Science owes Dr. Wheeler a debt of gratitude for carrying out 
this difficult and exacting undertaking with such thoroughness 
that one can see little more that might be added. Actually, to 
gain an insight into the life of a man one must understand his 
thoughts. Gibbs’ thoughts were highly abstract; Dr. Wheeler 


has had the necessary insight into Gibbs’ work to enable him to 
interpret Gibbs in the light of his works. 

After recounting circumstances and incidents of Gibbs’ earlier 
years, Dr. Wheeler presents an excellent analysis of Gibbs’ great 
scientific contributions in such manner that even the uninitiated 
may get some inkling of their originality and significance. 


This biography is simply and convincingly written. It should 
be in the hands of every student of science, biological as well 
as physical. It portrays the seemingly simple life of our greatest 
American scientist—one whose greatness was matched by his 
simplicity and his modesty. If anyone ever dedicated his life 
to science it was Willard Gibbs. 

This biography of Willard Gibbs ought to be required reading 
for every student of science. 


CHARLES A. KRAUS 
Brown UNIVERSITY 
PROVIDENCE. RHODE ISLAND 


* INDUSTRIAL HEAT TRANSFER 


F. W. Hutchinson, Professor of Mechanical Engineering, Uni- 
versity of California, Berkeley, Calif. The Industrial Press, New 
York, 1952. x+326pp. 127 graphs. 15.5 X 23.5cm. $6. 


Tuis book is not a text, but an instruction book telling how to 
use 127 graphs of importance especially to heating and ventilating 
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engineers. The graphs are of page size, but it is stated that the 
scales have been selected so that the accuracy with which each 
graph can be read is equal to the limits of accuracy of the equa- 
tion from which the chart is constructed. 

This book may serve as a satisfactory handbook for some 
specialists, but it will generally not meet the needs of chemical 
engineers making calculations covering a wide range of condi- 
tions. 

KENNETH A. KOBE 

University oF TEXAS 

Austin, TExas 


* FLUID FLOW IN PIPES 
Clifford H. McClain, Industrial Consultant. The Industrial 
Press, New York, 1952. iv +123 pp. 18 figs. 10 tables. 15.5 


X23.5cm. $3. 


Tue publishers of the periodical Heating and Ventilating ap- 
parently are publishing a series of elementary books that can be 
used by engineers in this field of work. The book is quite ele- 
mentary and can be mastered by anyone with a knowledge of 
algebra. 

Of the four chapters in the book the first two on dimensions of 
fluid properties and viscosities of fluids occupy 58 pages whereas 
the two important sections on fluid flow and design practice 
occupy 65 pages. A number of simple illustrated problems are 
included to show the applications of the equations. Too much 
stress has been placed on equations, rather than basic principles, 
which is not unusual for this type of “practical” book for a large 
group of users. 

“Fluid Flow in Pipes’ is a good elementary book, but is not 
one that will be used by the chemical engineer. 


KENNETH A. KOBE 
University oF Texas 
Austin, Texas 


€ THE CHEMISTRY OF LIGNIN 


Friedrich Emil Brauns, The Institute of Paper Chemistry, Apple- 
ton, Wisconsin. Academic Press, Inc., New York, 1952. xv + 
808 pp. Illustrated. 15.5 X 23.5cm. $14.50. 


At THE First Lignin Round Table held at the Institute of Paper 
Chemistry in 1948 Dr. Holger Erdmann began the three days of 
discussion by asking the question ‘“‘What is lignin?’ In his clos- 
ing remarks at the same conference Professor Edwin Jahn again 
asked ‘‘What is lignin?” 

Dr. Brauns has faced a difficult task in discussing the chemistry 
of such an elusive substance as lignin which appears to be one ma- 
terial, “native lignin’”’ or “protolignin,” in the plant structure but 
something different after it has been separated by chemical 
means. In this book the author presents the result of 20 years’ 
effort in gathering together and critically evaluating all that has 
been done in this field. 

All aspects of the fundamental chemistry of lignin are covered 
with scholarly thoroughness but this emphasis on the funda- 
mental has prevented discussion of efforts at practical utilization 
of lignin. The early chapters are concerned with the evolution 
of lignin chemistry, the definition and distribution of lignin, and 
the color reactions of lignified materials. The various methods for 
isolating lignin are given detailed treatment, for the properties 
of the final product, in most cases, depend on its method of isola- 
tion. The discussion of the physical properties of lignin is com- 
plicated again by the question “What is lignin?” 

In the chapter on the elementary composition and constituent 
groups of lignin the author outlines the facts in terms of which 
one must at present only surmise the structure of lignin. The 
elementary analysis from different sources suggests an aromatic 
relationship which is confirmed by the evidence for a phenyl- 
propane “building stone.” The methoxyl content and the iso- 
lation of degradation products containing 4-hydroxy-3-methoxy- 
phenyl and 4-hydroxy-3,5-dimethoxyphenyl groups from soft 
und hardwood lignins, respectively, gives hints of structural de- 
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tails. The evidences for hydroxyl groups, aromatic hydrogen 
atoms, carbonyl groups, terminal methyl groups, and double 
bonds add further details which explain the reactivity of lignin 
without revealing its over-all structure. 

More than half of the book is devoted to discussing the chemical] 
behavior of lignin under such headings as acylation and acylysis 
alkylation, halogenation, nitration, sulfonation, hydrolysis, ako. 
holysis, mercaptolysis, phenolysis, reduction, hydrogenation and 
hydrogenolysis, oxidation, alkali fusion, action with special reg 
gents, thermal decomposition, and finally the biological decom. 
position of lignin. 

The concluding chapters are concerned with a review of theories 
on the structure of lignin, the linkage of lignin in the plant and 
theories on its formation. One gains the impression that some 
lignin chemists in the past, baffled by the complexities of the 
material with which they worked, have allowed their imaginations 
to run free to an unjustified extent. 

Lignin is one of our greatest undeveloped chemical resources, 
The tremendous quantities which are potentially available, the 
polution and waste disposal problems so closely associated with 
the need to find a way to utilize lignin profitably, and the chal- 
lenge to solve the mystery of its composition all insure that much 
work will be done in this field. Dr. Brauns has made a most 
valuable contribution to present as well as future workers. 


IRVIN B. DOUGLASS 


UNIVERSITY OF MAINE 
Orono, MAINE 


cf THE CHEMISTRY OF SYNTHETIC DYES. VOLUME! 


K. Venkataraman, Director, Department of Chemical Tech- 
nology, University of Bombay. Academic Press, Inc., New 
York, 1952. xvi + 704pp. Illustrated. 15 X 23cm. $14.50. 


THE present volume constitutes the first half of a treatise which 
is without doubt the best work in this field to date. It is written 
by a man who has spent the past twenty years in teaching and 
research in this field and who exhibits familiarity with every phase 
of the subject. 

This volume includes 22 of the projected 42 chapters and since 
it is but a part of the work does not contain an index, an entirely 
reasonable arrangement. Eight chapters deal with general mat- 
ters such as raw materials, intermediates, diazo compounds, 
classification of dyes, application of dyes, the measurement of 
color, and the relation between color and chemical constitution. 
The author then undertakes the systematic discussion of dyes 
using a chemical classification similar to that of the English 
Colour Index. The present volume covers through azo dyes. 
Volume II will conclude the survey and also include chapters on 
the action of light on dyes and dyed fabrics, the relation between 
chemical constitution and substantivity, and the identification, 
analysis, and evaluation of dyestuffs. 

The quality of the work is high. Each topic is treated in 
detail and includes many figures and tables. For example, the 
discussion of color and its relation to structure occupies % 
pages. A number of 1950 references are noted and it is apparent 
that all significant developments prior to this date are included. 
There appear to be very few errors of fact in the book and only 
a few cases where the nomenclature differs from current Amer- 
can practice. 

Even a rapid examination of this book should convince thos 
educators still inclined to consider the chemistry of dyes as 4 
dispensable frill that. the dyestuff industry is coextensive with 
the synthetic organic chemicals industry. As Professor Venka- 
taraman points out, dyes and their intermediates constitute a key 
industry. Their raw materials and basic technology are identi- 
cal with those of the organic chemicals industry. 

The author is to be congratulated for the fine job he has done 
and the publisher for an excellent piece of book making. 


EDWARD R. ATKINSON 


Dewey Atmy CHEMICAL COMPANY 
CAMBRIDGE, MASSACHUSETTS 
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To those who choose and use 
textbooks: 


With the present issue of the 
Journal of Chemical Education, we 
present this first column of comment 
on various topics that should be help- 
ful to you. You'll find the regular 
Wiley announcements on new books 
on the page facing the table of con- 
tents in alternate issues of the 
Journal. The in-between months 
will carry this column and additional 
information on our publications that 


may be of interest. 


Very often, teachers like to 
know more about books than we 
have space for in the usual advertise- 
ments. So we'll use this page (fac- 
ing the last page of book reviews) to 
give you details that might be 
There'll be 
clips from reviews that you may 


classed as current news. 


have missed, letters from your col- 
leagues about Wiley books, and once 
in a while, lists of colleges ‘and uni- 
versities that have found Wiley 
titles appropriate for classroom use. 
We'll also ask the authors on oc- 
casion to say something about their 
objectives or to point out various 


highlights of their books. 


To start this series, here is a 
gtoup of comments recently received 
on some of our books. Naturally, we 
hope that these comments will be of 
help to you in the event that you 
ave not yet selected your texts for 
the coming semester. 


As always, 
you are invited to write for examina- 
ion copies of any of the books men- 
ioned so that you can make first- 
and decisions as to their suitability 
or your classes. 


OHN WILEY & SONS, Inc. 


They say... 


.. . about Wahl and Bonner's RADIOACTIVITY APPLIED 
TO CHEMISTRY (1951, 604 pp., $7.50). 


Dr. Nathan Sugarman of the University of Chicago: **. . . the material is 
handled very well and the literature survey has been done in a most 
competent manner. I think that this book will serve a useful function 
both in specialized courses in radiochemical studies and in research 
dealing with chemical problems studied by radiochemical methods.”’ 
Chemical and Engineering News: . . recommended for text, reference, or 
just plain interesting reading.’’ Incidentally, if you're partial to Fried- 
lander and Kennedy's Introduction to Radiochemistry, Wahl and Bonnet’s 
text serves well in conjunction with the former as a text for a senior- 
graduate course. 


. . . about the new sixth edition of Horace Deming’s GENERAL 
CHEMISTRY (1952, 656 pp., $5.75). 


Professors and instructors from colleges large and small write us com- 
ments like these: ‘‘We consider it a refreshing departure from the ‘old 
manner of presentation’ both in subject matter and in application of 
chemistry to industry.’’ ‘*. . . an excellent text and has the usual refresh- 
ing viewpoint of all the Deming books.’’ ‘The continued application 
to industry and other scientific fields remains the outstanding feature of 
the book . . . it appears to be a most useful textbook.’’ ‘‘Professor 
Deming is to be congratulated for this worthwhile text.”’ 


. . . about the seventh edition of the Lowy-Harrow-Apfelbaum 
INTRODUCTION TO ORGANIC CHEMISTRY (1951, 480 
pp., $5.50). 


Most praised features are its truly introductory character—elementary 
but by no means ‘‘written down'’—and its weaving in of important 
applications and industrial possibilities. One teacher, Professor A. C. 
Baugher, says: “‘It is one of the most useable and clear-in-presentation 
texts of which I know.’’ The head of a large western college's 
chemistry department says tersely: ‘‘Up to its usual standards."’ 


. . . about Benson's CHEMICAL CALCULATIONS (1952, 
217 pp., $2.95). 


There are two schools of thought on books aiming to show how to make 
this type of calculation. Some teachers wouldn't use this particular kind 
of book in classwork, maintaining that the student should already 
be prepared mathematically to handle chemical equations. On the other 
hand there are those who may object to the mathematical failings of 
many students, but who are willing to accept books like this one as 
valuable. Professor Harry Gunning of the Illinois Institute of Technology, 
writes: ‘‘I am very impressed. It is the soundest book on this subject 

that I have yet encountered.”’ 
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Regutators 


Our experience in shipping more 
than 70 different chemical gases 
has given our Regulator and 
Valve Division a wealth of in- 
formation concerning the right 
type of control required for each 
gas. When you place an order 
with us you are assured of re- 
ceiving the correct control for 
the gas involved. 


We now have one of the most 
complete lines of automatic regu- 
lators and needle valve controls, 
with large stocks available at 
both our East Rutherford and 
Joliet plants. 


Write for a free copy of our new 
bulletin which illustrates and 
describes all valve outlets com- 
monly used with every gas in the 
chemical industry. 


Pure 


Oreanic 


Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labo- 
ratory or the university. 


The purity of each Matheson organic 
chemicalis guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 
in your files write for a free copy. 


THE MATHESON CO., INC. 


EAST RUTHERFORD NJ JOLIET, ILL. 


WE RECOMMEND 


ERI’ 
SA 


“The Versatile Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 

Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H.O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu: | 


ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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RELATIVE VALUES OF RETENTION OF 
S & S ANALYTICAL FILTER PAPERS 
Ash-Free Papers Other Grades 


S & S Hardened Filter Papers— 
from the fastest to the most retentive 


The very rapid hardened grades S & S No. 410 and 589-1 
H are particularly suitable for the reprecipitation and 
filtration of the metallic hydroxides and of bulky gela- 
tinous ppts. from sodium hydroxide media. The grades 
404 and 497 have found excellent application in the 
production of S & §S tear-proof folded filters. No. 402 
is being used extensively in soil analyses. No. 576 is 
the standard grade for the filtration of serum, injection 
fluids, ete. The ash-free No. 507 possesses outstand- 
Pk ing qualities in certain problems of chromatography. 


80<—602 & 402 


96 


009 5 


eo 
SS) 


| 40597 & 497 
Write for samples and latest catalog No. 70-A. 


SCHLEICHER &« SCHUELL CO. 


<———604 & 404 ° 521 Washington St., Keene, New Hampshire 
410 


ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 


That Amend Drug & Chemical Co. 
can fill your order more completely. 


They have the Largest Listing. 


For Efficient Service—Specify 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


for purity and uniformity 
AMERICA’S FINEST ANALYTICAL FILTER PAPERS 
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Rapid, Quantitative 
separation of metals by 


DYNA-CATH mercury cathode 


This modern apparatus makes mercury 
cathode a practical analytical tool. Dyna- 
Cath does a fast, complete job in separation 
of metals. A novel magnetic circuit causes 
the electrolyte and mercury to move in 
opposite directions, providing counter-cur- 
rent stirring. The ferromagnetic metals 
formed at the interface are drawn beneath 
the mercury surface, providing a continu- 
ously clean surface and preventing res- 


CERIUM in STAINLESS STEEL 


Our Working Manual describes 
rapid method. Ask for a copy. 


olution of deposited metals. 
Ask for Bulletin 220-D. 


ANN ARBOR. MICH. 


SCIENTIFIC 
INSTRUMENTS 
E-APPORATUS 


CORPORATION 


MADE ONLY BY NYLAB! 


the new WEIGHING 
| FUNNEL 


for Speedy, Precise, Weighing 
and Transfer of Samples without Loss 


Combination weighing vessel and funnel. ..material 
to be weighed is easily placed in both covered front 
and open rear sections—made of thin-walled Kimble 
N-51A Borosilicate glass—light-weight for accurate 
weighing—flattened base provides stable rest on bal- 
ance pan. 

Complete transfers necessary for quantitative analysis 
are effected by using a solvent to rinse the residue from 
the walls of the weighing vessel directly into the receiv- 
ing container; tapered conical tip is placed into neck of 
receiver and used as pouring spout—no loss whatever. 


@ Our new 880-page catalog 
is available to laborato 
and purchasing personnel. 
Write for copy. 


Weighing on balance pan 


Nylab Poly bottle 
rinsing Weighing 
Funnel sample 
into volumetric 
flask. 


Catalog No. Approx. Diam. Approx. Length 
(Mm.) (Mm.) 
12803 15 40 
12804 25 65 
12805 38 100 


Price per Dozen 


9.00 
10.50 
13.50 


Orders must be in lots of one dozen of one size. 
6 dozen of same or assorted sizes. 


10% Discount on sales of 


: NEW YORK 13,N. Y. 
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Out-0f the 


Automatic Level Controls 


Two models of automatic level controls, 
designed especially for industrial applica- 
tion and laboratory work with low-tem- 
perature liquids, are announced by the 
Hofman Laboratories, Inc., 212 Wright 
Street, Newark, New Jersey. 


“Tables of Chemical Kinetics, Homo- 
geneous Reactions” is the title of National 
Bureau of Standards Circular 510, 731 


pages, $4. (Order from Government 
Printing Office, Washington 25, D. C.) 
In addition to the tables the circular 
contains a list of references to literature in 


the field. 


| 


The Model A ((illustrated) is a time- 
rate control with one sensitive element. 
Asolenoid valve is controlled for maximum 
level by a gage and an automatic timer 
controls the minimum level. Settings 
may be predetermined through a cycle of 
up to two hours. 

A timer by-pass switch permits work 
without cycling. With the sensitive ele- 
ment, level of the liquid can be maintained 
to very close limits if lines are properly set 
up. 
The Medel B is a two-point control, 
without any time element. Sensitive 
elements are mounted top and bottom and 
with solenoid valve and discharge device 
they also give a level tolerance to very 
close limits. 

In both models, the solenoid valve can 
be operated manually, if desired. Pilots 
and meters in the two types show when the 
gage is being supplied with current and 
when the solenoid valve is open. Gage 
current is adjustable. 

The two models are calibrated at the 
factory and under normal conditions need 
no further adjustment in regular labora- 
tory use. Both operate on 110 volts 
60 cycle single phase, AC. 

Detailed bulletins are available from the 
manufacturer. 


New Literature 


General Mills’ Progress thru Research, 
Spring 1952 number, carries an excep- 
tionally timely article on “Common | 
sense about chemicals in foods,” and an — 
interesting one on “Chemical research in | 
Germany today.” 

The April, 1952 Dow Diamond contains 
several articles of interest to students and | 
teachers, especially one on ore flotation 
entitled, “‘Air lift for metals.” 


t's Sranded — 
t's Genuine 


AT YOUR 
LABORATORY SUPPLY DEALER! 


THE U. S. STONEWARE CO. 
AKRON 9, OHIO 


PLASTICS & SYNTHETICS DIVISION 


asec 


Please mention CHEMICAL EDUCATION when writing to advertisers 


A booklet on “Organic Chlorine Com- 
pounds” hasbeen published by Carbide and 
Carbon Chemicals Co. It describes the 11 
organic chlorine compounds that are sold in 
commerical quantities by the Company. 
References to the chemical literature on 
the compounds discussed are included. 

A new concept of research instrumenta- 
tion—‘“building blocks,” 7. e., utilized 
optical and electronic components capable 
of dealing with any research problem in- 
volving monochromatic light—is described 
in Bulletin 103 of the Perkin-Elmer 
Corp., Norwalk, Connecticut. 

The Chemical Division of Corn Prod- 
ucts Refining Co. has published a booklet 
which surveys all of the current literature 
available on glucuronolactone, an im- 
portant structural constituent of essenti- 
ally all fibrous and connective tissues in 
animals, 


he 


@ IN COMPACT BOXES 
@ IN LARGE CARTONS 


Now, TYGON TUBING is packaged in 
three ways. Now, you can specify and get 
TYGON TUBING in the type of pack- 
age best suited to your needs. 


On the easy dispensing steel reels, 
TYGON TUBING is available in con- 
tinuous lengths up to 2000 feet and in 
outside diameters up to 3%” with the 
actual length depending on the O.D. of 
the tubing. 

In the handy, hinged-lid boxes, TYGON 
TUBING is available in outside diam- 
eters up to 5”, one 50 foot length per 
box. 


In the large cartons, TYGON TUBING 
is available in all sizes up to 2” I.D. and 
in 50 foot, 100 foot, or continuous 
lengths. 


Getting TYGON TUBING in the right 
package is important. But, more impor- 
tant is the fact that you are getting gen- 
uine TYGON TUBING. TYGON is the 
finest laboratory tubing made. It’s glass- 
clear, non-toxic, fully flexible, smooth- 
surfaced, and non-oxidizing. It resists 
both acids and alkalies plus oils, greases, 
water, and most solvents except certain 
aromatic hydrocarbons. 


To insure your getting genuine TYGON 
TUBING, every foot of this fine tubing 
is now permanently branded with the 
trade name and formulation number. 
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Calorimeters 


a PARR Calorimeters, improved in 


several respects for greater convenience 

and efficiency, can be furnished with 
either single or double valve PARR self- 
sealing oxygen bombs. 


The Series 1300, plain jacket calorimeter, has 
a non-metallic insulating jacket which holds 
thermal leakage to a minimum. Radiation cor- 
rection must be applied using the procedure 
specified in A.S.T.M. Designation: D271-48. 


The Series 1200, Adiabatic Calorimeter, re- 
quires no radiation corrections thereby per- 
mitting rapid tests with minimum calculations. 


For complete details, ask your 
PARR Dealer or write direct to 
factory. 


QUUL instrument COMPANY 
ILLINOI 


MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 


MOLINE 


OXYGEN BOMB 


For General Chemistry 
and Qualitative 
Analysis 


Every year more Chemistry Depart- 
ments are specifying WHATMAN 
Filter Paper No. 1 for elementary 
student courses. No. 1 retains most 
precipitates completely, filters fairly 
rapidly, does not break even when 
used by inexperienced personnel and 
is quite inexpensive. 


In addition No. 1 is the grade most 
widely recommended in the literature 
for both one and two dimensional 
chromatography. 


Like all WHATMAN products No. 1 
is available promptly from all dealers 
in laboratory supplies. 


Should you wish samples please 
write direct to us. 


H. REEVE ANGEL & CO. INC. 


New York 7, N. Y. 


52 Duane St. 
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Corning Cover Glass 


Anoutgrowth of the manufacture of thin 
ribbons of glass for electronic capacitors is 
the successful production of large sheets of 
ribbon glass of suitable quality for use in 
the manufacture of microscope slide cover 

jasses, Which was announced this month 
by Corning Glass Works’ Laboratory and 
Pharmaceutical Sales Department. 

Behind this announcement is a story of 
more than 10 years of painstaking research 
and development which led to the evolu- 
tion of this new method of glass manufac- 
ture. . 
Meeting government specifications in 
every respect and of the finest optical qual- 
ity, the cover glasses are of uniform thick- 
ness and quality, are water white crystal 
in color and offer a much higher degree of 
fatness than that attained in imported 
products. The first successful production 
of these cover glasses here means that the 
United States will be completely independ- 
ent of foreign sources of supply. 

The glasses are produced in the two 
standard thickness ranges No. 1 0.13 to 
0.17 mm. and No, 2 0.17 to 0.25 mm. and 
are packed in foil wrapping. The glasses 
are cut and marketed by two firms: Al- 
fred Bicknell Associates, Cambridge, 
Massachusetts, and J. Melvin Freed, Inc., 
Perkasie, Pennsylvania. 


Lab-Jack 


What appears to be a most practical 
and useful tool for the laboratory is the 
new Cenco-Lerner Lab-Jack. This de- 
vice is an all-purpose support which is 
light in weight, sturdy and compact, and, 
according to the manufacturer, consider- 
ably faster in action than conventional 
supports. Utilizing the scissors-jack prin- 
ciple, it permits accurate adjustment of 
height from 3!/, to 10!/, in. Full details 
are contained in Circular 1213 of the 
Central Scientific Co., 1700 Irving Park 
Rd., Chicago 13, Illinois. 


New Portable Emergency Shower 


To meet the increasing risks and hazards 
of fire, acids, radiological, bacteriological 
and otker contaminants to the human 
body, emergency showers are now being 
widely used in industry, and in schools 
and laboratories. Instantaneous wetting 
and washing of all parts of the body and 
clothing of persons exposed has been 
found effective in reducing injuries. 

To meet this demand, the Logan mobile 
emergency shower has been designed. 
It is a completely portable unit that can 
be moved from place to place quickly and 
easily, thus making protective equipment 
available where and when it is needed. 

This mobile shower embodies all of the 
features that are incorporated in the new 
Logan Emergency Showers for permanent 
installation. The use of entirely new 
techniques in spraying water makes it 
possible with this unit to rapidly quench 
fire and, as shown by numerous tests, to 
rapidly dilute and remove acids or other 
chemicals and foreign materials contami- 


nating clothing or the human body. 

More information may be had from 
Logan Emergency Showers, Inc., Glendale, 
California, 


New Combustion Tube Furnaces 


Hevi Duty Electric Company, Milwau- 
kee 1, Wisconsin, announces two new 
model Combustion Tube Furnaces—Types 
70-T and 77-T, using a tap changing trans- 
former providing 36 steps of temperature 
control. The transformer is mounted in 
the pyramid type base of the furnace mak- 
ing the furnace and controls one complete 
unit, thus doing away with separate rheo- 
stats and input control devices. The 
Combustion Tube Furnaces are used for 
carbon determinations and other labora- 
tory research requiring temperatures up 
to 1950°F. The new model comes in 
either the solid or hinged style. 

More details in Bulletin LAB—552 
which may be had from the manufacturer. 


Manufacturers of wood and metal 
laboratory equipment 


Representatives in principal cities 


Please mention CHEMICAL EDUCATION when writing to advertisers 


5014 S. Center St. 


All-White Labelon Tape 


At the request of numerous users of 
Labelon, the recently developed pressure 
sensitive plastic marking tape, this item is 
now produced in a new, all-white form. 
The new all-white Labelon provides the 
greatest possible contrast against certain 
backgrounds, and so is preferred for a 
number of applications. 

Labelon is unaffected by temperatures 
between —40° and 160°F. It is fadeless 
and provides a permanent label that can 
be stripped off one surface and reapplied 
to another many times without leaving a 
mark or losing its adhesive quality. 

Samples of the new All-White Tape are 
available from Labelon Tape Co., Inc., 
45@ Atlantic Ave., Rochester 9, N. Y. 


how Kewaunee Researeh 


aids Research 


For nearly half a century Kewaunee has devoted 
its energies to designing, engineering and 
manufacturing the very finest wood and metal 
laboratory equipment and casework. 

This has involved constant research at 
Kewaunee—in functional design, in materials 
improvement, in product development, in 
manufacturing processes. Research that has 
brought you such outstanding developments as 
7 Kemtherm sinks, KemROCK work surfaces, 


unit assembly, flexibility of arrange- 
ment, and many modern, work-saving 
features. 

Such developments insure maxi- 
mum working convenience, materially 
aid your own research activities, in- 


spire your technicians, and speed up labo- 
ratory work. 

Depend on Kewaunee to continue bringing 
you through research, the finest laboratory 
equipment—/or research. 


J. A. Campbell, President 
Adrian, Michigan 
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PYREX BEAKER 
with 
HANDLE 


This new ‘‘Beaker’”? made of Pyrex Brand 
Glass is available only in 3000 ml. capacity. 
A stainless steel band holds on the molded 


glass handle. 
Catalog No. 1010 Beaker with handle * 
Each 


ORDER A CASE TODAY 


Industry and Science 


SHERWOOL 


Apparatus and Chemicals fer 


320 MARKET STREET PATERSO 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acids 


Acetylindole; 3-Acetylpyridine; Acetylithiocholine 
Acid; Acridine Hydrochloride; Adenosine 


Adonidine; Alany! Alkaloids; 4-Amino Amylase; 
i 1-Argininamide, 


Anserine; Arachidic Acid; Arachidonic Aci 


o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic A Acid; 


benzoxychloride; Carnosine; Catalase cryst.; Cell i Cerotic Acid; 
oroanilidophos. 

phonic Acid; p-Chloromercuribenroate, Cholesterol Esters; Circula. 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride, 
Desoxycorticosterone 

Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyecetone Phosphate; Diisopropy! _Dithiol; 
Endosuccinic Derivatives; Enzymes, tucic Acid; 


Ceryl Alcohol; a-Chioralose; 8-Chlioralose; p-Ch 


Copper Glycinate; Dehydroascorbic Acid; 


di-Ethionine; Ethylenediamine Tetraacetic 


Nitrosomethylurea; Acid; Osm 


Protocatechuic Acid; Pyocyanine 
Acid; Sodium Amide; Sodium FI woroecetate; | 


8-Tocopherol P! y-Tocophero 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 


22 
if 


Telephone Plaza 7-6317 


ic ery Para. 
benic Acid; Penicillinase; Peroxidase; Phenolohthalein Glecwronide, 
Phenylpyruvic Acid; Phosphopyruvic Acid; tog Pregnenolone; 
Pyrimidine; Reductic 
Spbin- 
gosine; Stilb line; hloride; 0-Ter- 


tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 


DELTA CHEMICAL WORKS 
23 West 60th St. New York 23,N.Y. 


ALBERENE STONE 
IS 
e@ highly resistant 
to chemicals 
e@ essentially non-staining 
e durable 
e attractive 
@ suitable for construction 


of liquid-, gas-, and 
germ-proof joints 


For full technical information, and for 
expert assistance in designing your labo- 
ratory, write Alberene Stone Corp. of 
Virginia, 419 Fourth Avenue, New York 
16, N. Y., or visit our nearest branch office. 


FOR LAB TABLE TOPS, 
SINKS AND HOODS 


ANOTHER MODERN RESEARCH LAB equipped with Alberene Stone table tops and 
sinks . . . new SOLVAY LABORATORY, Solvay Process Division, Allied Chemical & 
Dye Corporation, Syracuse, N. Y. Architects—The H. K. Ferguson Company. 


Visit us at Booth Nos. 224 and 225 at the 
National Chemical Exposition 


AALBERENE STONE 


Branches in Principal Cities 
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(| SCENTISTS AND 
LABORATORY TECHNICIANS 
(| INSIST UPON THE BEST 


Mason Cane 


Neph- 


WETTING — 


INDUSTRIAL 
LABORATORY WARE 


If your dealer cannot supply you, 


write for literature and samples. 


ALCONOX, INC. 


Dept. JC8 
61-63 CORNELISON AVE, JERSEY CITY, NEW JERSEY 


1952 


BARNSTEAD 


Steel Columns Lined 
With Sheet Rubber 
Linings 1/8" thick. 
Vulcanized In Place 
(Not Sprayed Or Coated) 


Entire 
“Packaged” Unit 

On Steel Skid. 
Easy To Install 


Acid Tanks Lined 

With 10 coats 

of Acid-Proot 
Duroprene 


Barnstead Water Demineralizers are 
engineered to give you long, trouble-free 
service . they are scientifically de- 
signed to produce Pure Water — and 
water of standardized, controlled quality 
for as low as 5c per 1000 gallons. 

Now, Barnstead Demineralizers can be 
used profitably in countless operations 
and in every industry that is plagued by 
the uncertainties of tap water. Demin- 
eralized Water, by Barnstead, insures 
better products, consistent results, fewer 
rejects, and lower operating costs. 

Whether you need 5 or 1000 gallons per 
hour, Barnstead engineers will be glad 
to help you find the right answers for 
your specific Pure Water problem. This 
service is yours for the asking. 


FIRST IN PURE WATER SINCE 1878 


irnstead 


arn & STERILIZER CO. 


BARNSTEAD STILL & STERILIZER CO. 
65 Lanesville Terrace, Forest Hills, Boston 3/1, Mass. 


Gentlemen: Please, send me the complete Pure Water story on 
Barnstead Demineralizers. 


Name Firm 


City State 
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LOOSE PLATE + TABLE TYPE 


“BUCHNER 


STYLE 


FUNNEL 


LIGHT WEIGHT 


COMPACT 


WELL BALANCED 
DESIGN 


PLATES AND SEATS 

ACCURATELY GROUND 
LOOSE PLATE 
CONSTRUCTION 
ALLOWS THOROUGH 


; Coors PORCELAIN COMPANY 


COLDEN, COLORADO 


CLEANSING OF THE 
FILTERING COMPARTMENT 


The Life of 
Ina Remten 


By Frederick H. Getman 


” a pleasantly written and inter- 


esting biography of a great chemist.’’ 


Remsen’s greatest fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in detail and it de- 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex- 

pected it, as subsequent difficulties with the editor of the 
Saree of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told. 
Seeing the —. bibliography of Remsen’s publications 


anny to this book we have the feeling, even after the 
easant hours a in reading it, that most has not been 
ee of the evolution of Remsen’s practical and theoretical 


work as seen against the a of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQUES 
Order your copy today. $3. posTPAID 


EASTON, PA. 


CHEMICAL EDUCATION 


CHEMICAL RUSSIAN SELF-TAUGHT 


J 


‘“‘With commendable sim- 
plicity, directness, and 
common sense the author 
presents a plan for learn- 
ing, by self-instruction, to 
read the Russian chemical 
literature.”’ 
says Robert W. Auten 


CHEMICAL AND ENGINEERING NEWS 


by J. W. Perry 


“THE excellent series of publications 


‘which have appeared under this title at 


intervals during recent years in the 
JOURNAL OF CHEMICAL EDUCA- 
TION (1944-47) is now available in 
book form. A glossary of approximately 
1,700 Russian technical terms has been 
added. 


“With commendable simplicity, direct- 
ness, and common sense, the auther 
presents a plan for learning, by self- 
instruction, to read the Russian chemi- 
cal literature. He makes an earnest and 
convincing effort to dispel the all-too- 
common fears that the language is so 
difficult that only the specially gifted 
can learn to use it. 


“The book includes a clearly written 
outline of the salient features of the 
Russian grammar (supplementary study 
of a standard grammar recommended) 
and a detailed and copiously illustrated 
exposition of the systematic nomencla- 
tures of inorganic and organic chemis- 
try. Although there are no passages for 
practice reading, it is wisely recom- 
mended that the reading of ‘material 
relating to known subject matter—e.g., 
a beginner’s text in chemistry’ be started 
‘as soon as the barest rudiments of gram- 
mar have been learned.’ ” 

$3.00 


232 pages (Foreign $3.50) 


CHEMICAL EDUCATION PUBLICATIONS 


2008 NORTHAMPTON ST. 


EASTON, PA. 


\ 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


L 


———KLETT SCIENTIFIC PRODUCTS, 
ELECTROPHORESIS APPARATUS ¢ BIO-COLORIMETERS 
GLASS ABSORPTION CELLS ¢ COLORIMETER NEPHELOM- 
ETERS ¢ GLASS STANDARDS ¢ KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


AND INDUSTRY 


| 


As manufacturers of filter 


and absorbent papers we 
gladly place at your dis- 
posal our experience and skill in help- 
ing you select the proper paper for the 
problem confronting you. Or, if a new 
kind of paper is indicated, chances are 
we can produce it for you. 


Call on us without any 
obligation. 


“MANUFACTURERS OF FINE FILTER PAPERS” 


_ Mt. Holly Springs, Pa. 


TURBIDITY MEASUREMENTS COMPLETE 
D> WATER ANALYSES SOLUTION AND 
pH CONTROL REAGENT SERVICE 


STATE 


HELLIGE, Inc. carven city, ¥. 
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‘We recommend 


THE POLAROGRAPHIC METHOD OF ANALYSIS”. 


By OTTO H. MULLER, Associate Professor of Physiology, State 
University of New York Medical Center at Syracuse, Syracuse, N.Y. 


2ud Edition 


“The scope of the book may be judged from the titles of the 
eight chapters; Introduction and Review of Electro-analytical 
Methods; Apparatus; Fundamentals of Quantitative Analy- 
sis; Fundamentals of Qualitative Analysis; Polarometry; 
Recent Developments; Applications; Suggestions for Practi- 
cal Polarography. 

“The construction of a simple, flexible and inexpensive polaro- 
graph from materials readily available in every laboratory 
stockroom is fully described together with details of oper- 
ation. With this instrument, it is possible to perform any of 
the 26 illustrative experiments..... in the last six chapters. 
“Chapter V, which is completely new, deals with polarometric 
(amperometric) analysis and includes not only polarometric 
titration but also the more general subject of current-time 
curves obtained at constant applied potential and useful in 
studies of reaction kinetics, oxygen metabolism, etc. 

“In another new chapter, some of the more recent develop- 
ments such as differential, derivative and oscillographic 
polarography are discussed. Various electrodes other than 
the dropping mercury type are described together with their 
characteristics and applications. 

“To us it seems that the material in Chapters VII and VIII 
should be combined under the title of the latter, ‘Suggestions 
for Practical Polarography,’ for it is in these two chapters 
that there are presented many useful manipulative techniques 
and trouble shooting procedures which are very rarely found 


conveniently collected in one volume and which generally 
must be learned through more or less painful experience, 
Included are methods of measuring wave height and trans. 
lating it into units of concentration; criteria for the selection 
of supporting electrolytes; use of the compensator; deter- 
mination of half wave potential; pH measurement with the 
dropping mercury electrode; use of the literature; causes of 
erroneous results; and selection and calibration of electrode 
capillaries. An appendix lists useful data, buffer compositions 
and a brief bibliography of general polarographic texts and 
published bibliographies. A thorough index permits ready 
location of subject matter. 


“In speaking of apparatus, Dr. Miller makes a point which, 
in our opinion, has not been sufficiently emphasized previ- 
ously in spite of a considerable mention of it in the literature; 
very satisfactory polarographic analysis may be performed 
with a most simple apparatus ..... Clarification of this point 
should serve to expand the teaching and application of 
polarography. For those interested in familiarizing them- 
selves with the method, we recommend, ‘The Polarographic 
Method of Analysis’ as an excellent starting point.” 
SCIENTIFIC APPARATUS AND METHODS 
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The unit illustrated above is a Knight- 
Ware Fume Collector Assembly. Along 
with Knight-Ware Corrosion-Proof Duct- 
work, fittings and fan adapter, it was 
installed to remove noxious fumes from 
a large industrial laboratory. 


Knight-Ware is a tough ceramic made 
especially for handling corrosives. It is 
corrosion-proof throughout against acids, 
alkalies, and other corrosives. No expen- 
sive molds are required in its manufac- 
ture; hence, special designs can be fab- 
ricated at relatively low cost. 


Knight-Ware pipe, sinks, sumps, fume 
ducts, etc., can be installed by any com- 
petent plumber. Knight-Ware is widely 
used in colleges, hospitals, laboratories 
and publishing plants, as well as indus- 
trial, chemical and 
pharmaceutical plants. 


Write for Bulletin 
12-Y, Knight-Ware 
for complete detailed 
information. 


MAURICE A. 
KNIGHT 


208 Kelly Ave., Akron, O. 
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Waco “GEARED POWER” 


Delivers GEARED POWER .. 

loss of torque . . . at the two speeds 
you need! F ully enclosed, non- 
sparking, fan cooled . .. you may 
expect TEN years’ service! 
INDUSTRIAL LABORATORIES such as DuPont 
de Nemours, General Electric, Abbott Labore 


tories . . . hundreds of Universities . . . now use 
the NEW WACO Power Stirrer! 

7292)JC NEW WACO POWER STIRRER, 
for 110 volts, A.C. oatv. Shefts 14 inch 
diameter, ont 300 R.P.M. and the other ng 
R.P.M. Each, $23.72. Chuck No. 7292- 
ILL at $1.24, 


BALANCED 
PADDLE-STIRRERS 


* Easily inserted 
in Flask 
* Balanced . . 
never whi 
* Stainless Steel 
Our new 
WACO Bal- 
anced Paddle 
Stirrers are 
easily in- 
serted in the 
neck of the 
flask ...never 
whip so your 
glass set-ups 
are safe! 


All made with 300 mm. x 6 mm. 

shaft . . . different lengths. For all 

popular sizes of flasks used in the 

laboratory. 

No. 7298JC. WACO Balanced Paddle 

Stirrers. Shaft 6 mm. x 300 mm. to fit 4” or 
/16” chuck. In boxes of 3 paddles. 


Blade 20 x 50 mm.—$2.24 
“20x 75 mm.—$2.48 
20 x 100 mm.—$2.54 

No. 7298JC. Conveniently packaged set of 


, one of each size. ..$7. 
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CHEM ED BUYERS’ GUIDE 


CHEMI 
SER 


New design incorporating 
outstanding features 


Write for literature to 


ERIC SOBOTKA CO. - 


106 West 42nd Street 
New York 36, N. Y. 


Specialists in microscopes and optical scientific apparatus 


Dibenzanthracene Endosuccinic Acid 
Methylcholanthrene Endosuccinic Acid 
Other Carcinogenic Hydrocarbons & 
Derivatives Available 
EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


Batyl Alcohol, Chimyl Alcohol 
Salachyl Alcohol 
Cholestenone, Cholestanol 
Isonicotinic Acid Hydrazide 


KING COLE CHEMICALS, INC. 
Box 1546 Huntington, W. Va. 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 
Vitamins and Derivatives 


17 West 60th.St., New York 23, NoY. 
Plara 7-817} 


HAZE CHEMISTRY 
IS MAKING MONEY 


Seven Electric Generating Plants meas- 
ure Calciun ... in 0 to 0.5 PPM range 
. .- onhigh pressure boiler feed Waters 
@ Distilleries measure Clarity of filtrate, 
saving 70% in filtering costs. One dis- 
tiller reports “‘...saved cost of your 
Nepho-Colorimeter FIRST day we had 
it.” @ Positive readings of Sulfur in Coke 
and water... guarantee uniform pro- 
duction in 5 plants. 


® Calcium and Sulfur in urine are meas- 
ured in 15 minutes . .. instead of days 
© Bio-chemists measure bacterial growths 
fast... detect growth of micro-organ- 
isms in sterilized serum in minutes @ All 
A.S.T.M. and A.P.H.A. Turbidity Readings 
are made WITHOUT repeated prepara- 
tion of A.P.H.A. Standards. 


Why don't you investigate . . . write for 
WACO CATALYST and HAZE CHEMISTRY 
Bulletins, JC-8 © This NEW Nephelom- 
etry is MAKING MONEY IN MANY 
DIVERSIFIED FIELDS. ... 


WILKENS - ANDERSON COMPANY 


4525 W. Division St. Chicago 51, Ill. 


“GOLDFISCH” FAT EXTRACTOR 


Automatic release-and-seal features to speed your 
solvent extraction and reclaim high percentage of 
' solvent. Used by 29 states in feed control work 
and by hundreds of diversified school and indus- 


trial laboratories. Made in 2, 4, and 6 capacity 
units. No change need be made in your present 
extraction methods—and you'll save time and 
solvent! 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street . Kansas City, Mo. 
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For The Chemist and Engineer 
Sturdy: Low Priced: Weight 12 lbs 
Easy to Learn: New Back Transfer 

Device Speeds Up Calculations 

Ask For Bulletin CQ-83 


SOLE DISTRIBUTORS FOR USA 


IVAN SORVALL, INC. 


210 FIFTH AVE., NEW YORK 10,N.) } 


CARGILLE 
MICRO BEAKERS 
13 mm high x 13 mm wide. Capacity 
1 ml. For weighing liquids for analy- 
sis; for semi-micro procedures; many 
uses. Write for free samples. 

Per gross $7.50; plastic holder $.50 
Leaflet on request 
. P. CARGILLE 
117 Liberty St., New York 6, N. Y. 


| Unit Objective Tests in 
| Organic Chemistry 

| A limited number of some of 
| these tests are still available. 
| UNIVERSITY LITHOPRINTERS 
| Ypsilanti, Michigan 


Laboratory 
in 
Miniature 
INTERCHANGEABLE 
GLASSWARE ASSEMBLIES 
Send for Brochure ML-C 


© ACE GLASS 
VINELAND @ NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 
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Shown above is the Cenco Vacuum 
Chamber for use with the Cylindrical 


_ Oven when low pressure procedures 
at various temperatures are re- 
quired. Pressures as low as a frac- 
tion of a millimeter may be employed 
with a temperature range to 150° C. 


No. 95056 Vacuum Chamber 
$117.57 


++. one dependable source of supply 
for everything you need in scientific 
instruments and laboratory supplies. 
Over 15,000 items . . . 14 branch 


‘ome and warehouses. 


50 Years Experience 


BUILT THIS OVEN 


Fifty years’ experience in the design and manufacture of 
constant temperature appliances have resulted in this excep- 
tionally fine Cenco Cylindrical Oven. Precision engineered, rug- 
gedly built, accurate, dependable . . . it offers a convenient and 
efficient means of drying, embedding, moisture determination, 
or other similar laboratory operations. It may be set for auto- 
matic regulation from approximately room temperature to 
210° C. Heating elements completely surround the chamber to 
provide uniform heat distribution. This, together with extra 
heavy insulation, insures maximum efficiency at low operat- 
ing cost. 


Bulletin No. 5 contains full information about Cenco Constant 
Temperature Equipment. Write for your copy today. 


No. 95050A Cenco Cylindrical Oven for 
115-230 volts, 50-60 cycles, $129.32 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD ¢ CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 
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KARL FISCHER, 
MICRO aad OTHER 
TITRATIONS 


Whe 


Accessory kit permits fast moisture determina- 
tions by Karl Fischer technique. 


Micro cccessories provide for micro titrations 


.-.- NOW FASTER, MORE ACCURATE THAN EVER! 


The Fisher Titrimeter has been 
completely redesigned. Now you 
can not only determine acid-base, 
oxidation-reduction, precipitation, 
and complex ion concentrations 
with greater speed, ease and accu- 
racy than ever before. By an easy 
set-up change you can also handle 
micro work with similar efficiency. 
Another set-up, and youare ready for 
fast moisture determinations by the 
important Karl Fischer technique. 

The new unit features such design 
changes as: (1) a new controlled- 
speed, magnetic stirrer and motor 
held in a swivel-head beaker plat- 
form, (2) fixed electrodes, held by 
spring tension for easy changing, 
(3) relocation of ‘‘magic-eye” to 
left of sample area, bringing all 
points of visual interest within a 
readily encompassed field of view, 
and (4) provision for micro and 
Karl Fischer adaption (complete 
accessories). 

As in previous models, the instru- 


ment detects the exact end point 
a titration by supersensitive ele: 
tronic measurement. It determin 
the amounts of metals in alloy 
ores, salts, etc.; pH of fertiliz 
“balances”, pickling bath was 
waters and tanning solutions; 
acid in whiskies; ascorbic acid i 
fruit juices; etc. ... plus the wi 
range of Karl Fischer moisture 4 
terminations. 


~ 


Complete stocks of iaboratory instruments, 6 
ratus, reagent chemicals, furniture, and supplies 
PITTSBURGH, NEW YORK, ST. LOUIS, W 
INGTON, MONTREAL and TORONTO For m 
information write: Fisher Scientific Co., 717 Fort 
St., Pittsburgh 19, Pennsylvania. 


FISHER 
SCIENTIFIC 


Amreica’s cargest Manufacturer-Distributor of 
Leb y A and 9 t Chemicals 
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